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![he  adjustxne&t  of  solutlaas  Intisxided  for  Intxenrenoiis  a&alnistratloo 
tQ  isbe  piraper  tonicity  la  of  TltaL  c»3Bceana.  13ie  value  of  ecfploying  the 
heoolytlc  laethod  In  the  detertainatlon  of  1  values  has  been  pointed  out  by 
Buaa  and  co-vorlsers  (l,  2,   3«  ^>   5>  69  7«  8)*  'Sliey  esnphasissed  that  the 
oanotlc  effect  of  a  substance  on  the  erythrocyte  depends  not  tnly  on  the 
CQQcentratlai  of  the  siibstance  but  also  aa  \Aiether  or  not  the  compound 
penetrates  the  cell  membrane  or  effects  Its  properties.  Thus  solutlcos 
^  '  calculated  to  be  Isomotle  vttb  blood  according  to  xihyBleocheiBlcal  data 

are  not  necessarily  Isotonic  to  the  red  blood  cell.  ,*? . 

Cadwallader  and  fbisa  (5)  reipoortad  that  zinc  acetate  gave  xmusually 
hl^  heoolytic  1  values,  nnach  beyond  those  calculated  fjron  cdligatlve 
property  Infonaatlca.  Ihelr  vork  ccnplemented  that  of  Hartman  and  Hiiaa 
(4}f  «aK>  found  almllarly  hlgjti  hiaqaytle  J^  values  tog  slBo  iuUlate* 

fi»  fiayeMNi  of  the  psrieseBt  ^ose4t  nu  to  litveatisate  «be  <aeoient8 
closely  related  to  zinc  In  the  periodic  table  to  detenalne  vhether  or  not 
thalr  action  paralleled  that  of  sine.  Added  Interest  In  this  lavestigatlon 
vas  stimulated  by  the  fact  that  these  elements,  i.e.,  copper,  cobalt,  iron, 
oansaiveee,  and  zinc  are  so  called  "trace  eleooits,"  essential  to  human 
nutxltiaa*  !fo  obtain  a  conpomtive  picture  of  the  activities  of  these  five 
cations,  they  vere  all  employed  as  salts  of  gluconic  acid.  Data  pertaining 
to  their  effects  on  the  red  blood  cell  is  of  momentous  value  since  these 
minerals  may  soon  be  Incorporated  into  vitandn  Injectables.  Sodium, 
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potaesiias,  magieslum,  and  calcium  giticoaates  were  also  studied  and  thalr 
hoaolytic  1  values  determined)  these  eatloas  are  nonoGLLLy  presoit  in  large 
amounts  in  the  faionan  body,  being  Icnoun  as  "na^or  elements,"  and  are  vldely 
used  in  aediclne.  ;  -^. ;  ■      i'.i;;  ■  ;■  ^ 
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RBVUW  Of  HKB  LITERAIIURB   ' 

Glxicooic  acid  Is  a  pentaliyaroa^fcaprolc  acid,  C!]^0H(CB0H)j[^CO0Hf 
discovered  la  I870  as  a  product  of  Hbs  oxidation  of  glucose  with  chlorine 
by  SLaslvstz  sad  Babezmaa  (9)*  Bcnxtroux  (lO),  in  1878,  during  his  In- 
vestigations of  lactic  acid  fensentatlcns,  first  Isolated  gluconic  acid. 
It  mui  not  until  the  1930 's,  hoirafver>  that  gluconic  acid  hecam 
coenerclally  available* 

At  the  present  time,  gluconic  acid  Is  produced  conmercially  by 
the  ^arBMntative  oxidation  of  the  aldt^yde  groiq>  of  glucose  (U).  Ihls 
oxidation  oay  also  be  carried  out  in  alkaline  media  vlth  the  utilisation 
of  l^pobxtnites  (12),   or  electrolytleally  eiqploylng  an  insoluble  anode  in 
the  presoice  of  a  vater  soluble  iodide  (13  )•  Althou^  gluconic  acid  may 
be  prepared  as  a  solid  product  (Xk),   the  high  cost  of  the  cooplex  procedure 
has  necessitated  the  production  of  a  §0  per  cent  aqt^ous  solutdon  to 
r^presffiat  the  acid  of  comserce. 

Ih  aqo^eous  solution  ^uecnle  acid  exists  in  eq^allll^elvn  yltb  its 
corresponding  gsama-  and  delta-taetaneSf  the  concea^!<atioefl  &f  iMe&  vaiy 
vlth  the  original  glticonic  acid  concentratlcn  and  the  tetaperature.  Upon 
evaporation  of  its  a^pMraus  solution,  gluconic  acid  passes  into  eonnercially 
Important  d-gluccnolactone  (l?)* 

(16)  found  that  free  gluconic  acid  vas  veil  tolerated  lAen 


ft^;  taken  vlth  the  dally  food  for  years  by  humns  and  animals,  producing 
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Since  the  glucaaate  aaica  Is  without  narked  phazmacological 
activity  or  toxicity,  metallic  glucocmtes  may  be  administered  as  effective 
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neither  Injiiry  nor  disturbance  to  the  di^^stive  organs.  On  the  basis  of 
studies  ccndueted  with  0.25  M.  acid  solutions  ateiniatered  intrav-uxously. 
It  vaa  reported  that  gLticcnic  acid  was  the  least  toxic  of  the  following 
acids  listed  In  order  of  decreasing  toxicity:  oxalic,  malanic,  phosphoric^ 
tartaric,  pyrooucic,  hydrochloric,  lactic,  ^^armic,  parapicaie,  sueeinic^ 
acetic,  and  gluconic  (17)*  Bahbits  have  been  treated  daily  with  both  sub- 
«utaiieQUi  fod  intravanous  in^etiqcia  of  gluconic  acid  without  any  indi- 
^tloR  (^  ill  efftttcts  ttfttr  om  w«m&  (18).  Ih  19^,  the  Ckjosoittee  of 
Foods  of  the  Aaerican  Medical  Association  pronounced  the  purified  delta- 
lactcne  of  £p.uconic  acid  to  be  safe  for  use  in  foods  (19)*  Small  pro- 
portions of  gluconic  acid  added  to  fiats  and  oils  produced  products  whi<^ 
were  less  likely  to  become  rancid  (iSO).  :i^ 

CD.uecQic  acid  has  been  daaoostrated  to  be  v»eful  in  the  solution 
of  existing  phosphate  stones  in  the  hisnan  kidney  (l6)  as  well  £is  in  the 
pr«v«oatlcn  of  their  fcnoation  (SL).  Both  gluconic  acid  and  glucurono-      ^(^ 
diata«lactone  have  been  used  effectively  to  aeidtfy  the  urine  (22,   23)* 
It  hat  baen  reported  (2"^)  that  gluconic  acid  was  preferable  to  nondelic 
acid  in  the  treatBMnt  of  i^/elonephritis  due  to  gram-negative  bacilli. 
?^  13iem|Miitte  effects  w«re  repcnrted  to  hove  he&a.  equally  effective  with 
each,  however,  most  patioits  examined  suffered  less  gastrointestinal  and 
renal  distress  ■vHasa  treated  with  gluconic  acid  than  idtea  taaadelic  acid       ;y: 
wMused.  -  ,  '    '"■■^1 
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sources  of  the  catlan  without  eoy  coBJpii<Mrtlcns  arising  tram  the  iKpeseaice 
of  tbe  gluccxiste  radical  (2^).    Mtmy  metallic  salts  of  &UiccsxLc  acid  hava 
l3«Qa  prepared  and  purified,  such  as  tSbs  gluecnates  of  aluBdznus,  aaxnlvBa, 
aattffiony,  Tsarlum,  biacwtii,  cadaliaa,  calcliaa,  cobalt,  copper,  iron,  lead, 
mgnml-m,  nungWHwa^  jptasaiuo^  somms  md  sine  (&6,  27»  23,  29»  P). 
AttilBii^  s»at  of  i3Mm  tt^ts  ttK  fioi  dCBffWltas'  tteSa^  vmA  in  medlcina, 
"title  possibility  of  utilising  sev^ml  of  tbast  for  trace  element  acbnlnistra* 
tion  has  been  sufigeeted  (25)* 

CEuaaodc  acid  has  also  been  ec^c^red  in  Ute  ^jxreparatian  of  salts 
of  drugs  \Mch  are  orgsBiic  bases,    fhese  Ixiclude  brucine,  choline,     ' 
cindKnidlne,  clnchonlne,  ephedrlna,  procaine  amide,  qulnidlne,  gulnlne, 
etxeprfconycin,  and  strychnine  gliicamtes  (31,  32»  33)«    A  good  oany  of 
tlieae  salts  have  been  fisrorably  az^piloyed  in  atediclne  with  reports  of  lam 
tood-city  than  -uben  the  orgEmic  Imses  vere  administered  jer  ob  csr  ccuiblnttd 
vlth  inarsBoic  anions.     For  instance,  eshedrine  sulfate  ma  re^ported  to 
be  Qore  irritating  than  ephedrine  gluKxnate  (S^f).    P^Qq^^Lm  iBDidi  gliibeccatt 
mm  in;]deted  intraauscularly  vith  little  ixritaticn  end  a£Ly  Mid  tdsle 
effects  vb&ceeis  similar  injections  vlth  procaine  eoide  base  usually  re- 
sults in  i^Kpsi^^MlGn  and  an  occasiaQal  f&tality  (32).  ^  ^^  4'% 

%rt^rai!t(nt  sodiun  antinaoy  gpLucooate  haa  baen  ee^ployed  In  intensive 
treatEwnt  of  uxlaary  sehistosocdaBis  (35).    Prescott  et  gl.  (U)  ireported 
HKt  »  presezvative  for  fauaan  and  &iiml  blood  used  tos:  txvasfUaions  has 
been  ptrepared  frcn  gluconic  acid  in  cooftdnatiaa  with  tertiary  aliphatic 
at&ines. 

Tbe  llteratux«  is  replete  with  uses  fca>  calcium  gluccoate,  varying 
from  the  counteracticQ  of  @sneral  anH  local  sensitivities  to  streptonsycln 
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(36)  td  ^e  AnMMie  ftHmfnatton  of  ^thdrawed  sya^ptaas  associated  trltii 
drug  addiction  (57),    !Ihe  salt  hm  been  used  by  latravmous  adnlnlstratlai 
to  relieve  patients  mxfferlng  ttm  intestinal  tuberciaosls  (38).     It  lai 
l)&m  used  la  coinblnatlon  with  etbyl  monbuate  la  the  troataant  of  rhetana- 
told  arthritis  (39)  as  well  as  with  a  salt  of  d-tubocurarl|jt  3ft  th* 
treattoent  of  ^siastlc  children  (ko),    Chlelum  gl\xaanil»  ill  eanibtaatlen  with 
pltoda  has  been  used  In  onrer  200  ladfewttons  of  labor  wi-Ui  saffety  and 


;^     iXVbao^  there  is  mfidme^  of  alniiittl  tosdeity  vi^  sodium 
e^uccnate  {Uz),  tte  cbeolcal  has  beai  used  very  little  In  medicine  to 
#itt«    Stava  levels  of  chlortetracycllne  were  reported  to  hove  been 
ii^nxai^ed  two  to  three  fold  by  slawltaneous  atolnlstratlcn  of  sodlua 
gluconate  (^3). 

la  BiedLclne,  potassl\n  glucKsnate  has  foiad  limited  use  in  cases 
of  hypppotasMiKLa,  Infantile  dlarxbea,  ood  post  surgical  operations  (H). 
It  hM  also  been  successfully  eoplc^ed,  orally  (45)  aod  parenterally  (46), 
ia  th«  tsreatzoent  of  all(n>gle  Individuals,  end  has  been  found  to  tMt  vsadh 
better  tolerated  than  potasslua  ohloxlde. 

MieaesliaB  glttcoaate  Is  well  tolerated  by  Mi  «nl  MlMl  lAian  9A» 
Binisterod  orally  or  pereiterally  (47).     It  has  %§m  «t»d«ssfUlly  ea|iloyed 
in  cases  of  clyanenorrti«  (48)  ai^  In  certedn  cases  of  hyperlrrltablllty 
li«p«tof0ip  uftbenefited  by  other  Imoun  therapy  (46). 

JMMBtw  ^ueonate  Ims  been  in^Jected  Intravenously  into  a  eat 
with  no  eppreclable  sustained  injury  in  doses  e<|alvalent  to  an  injection 
Of  30  fikn.  for  a  man  on  the  basis  of  average  body  welg^  (49).     Zt  was  em- 
jpldyBd  in  a  study  of  the  lowering  of  the  pH  value  of  urine,  with  insults 
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indlcatlog  Its  effectiveness  In  10  Gni.  doses.  .  .  .  ^ii  '  ;,f  ;  ;    ;  ,     ,^^; 


Chelating  Ability     --       •■'- 
Ihe  term  "chelate"  vas  proposed  in  1925  l»9r  MorgBn  et  al .  (50) 
to  deslgmte  those  cyclic  structures  arising  from  the  vaxicn  of  metallic 
atoBis  with  orfluiic  «id  inorsnaic  oo^iftcmles.  SdL«til  (5l)>  ia  l9St$ 
elafilft«d  eoso^ou&ds  eiipi3>le  of  f^rning  dhelates  vith  metallie  eations. 
Be  distinguished  chemical  groups  that  unite  vith  metals  by  the  replace- 
ment of  a  hydrogen  atom,  as  carboxyl  and  enolic  hyditixyl  groups,  from 
those  that  combine  vith  B»tals  by  simple  cooirdination  or  additlcQ  vi-Uiout 
the  rcsplaceotaat  of  a  hydrogsn,  as  carbonyl  and  alcoholic  groizps. 

Jn  general,  the  ability  of  the  sugar  acids  to  form  water  soluble 
compiesffis  vith  metallic  ions  arises  from  the  capacity  of  their  carboxyl 
and  hydroxyl  grovg;>s  to  bind  t^ese  cations  in  ring  form  by  means  of  co- 
ordinate and  conO-eat  bends  (52).  '0cm  chelating  ability  of  the  sugar 
acids  has  been  found  to  be,  on  the  average,  more  pronounced  in  alkaline 
solution  than  in  either  neutral  or  acid  media  due  to  increased  ioniaatian 
Of  the  hydrogens  of  the  hydrosyl  groups. 

Oluconlc  acid  and  its  derivatives  are  capable  of  forming  vater 
solubit  chelates  vith  09rtain  avtilUc  ions.  Althou^^  sodium  gluconate 
ttd  neutrallged  gluconic  acid  are,  in  themselves,  relatively  ineffective 
sequestrants  for  calcivm,  they  have  t«en  shown  to  be  siqwrior  to  sodiimi 
citrate,  sodium  tetirapbosphate  and  the  tetrasodium  salt  of  ethyl^iediamine 
tetraacetic  acid,  ^en  in  strongly  alkaline  solutions.  Sodium  gluconate 
vas  found  to  be  sv^rlor  to  the  three  aforementioned  sequestnoits  in 
complexing  iron,  over  a  range  of  pH  6  tfaroiifl^  pH  11.  !Ihls  gluconate  vas 
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interior,  however.  In  the  cdi^laticxx  of  alxnal&um,  cobalt,  xaaaga»Be,  aad 
Bine  (U).  .  ^--^r  ■-./'■• 

Becttitly,  Peesok  and  Jlnret  (53)  shoved  that  glucaalc  acid  forvae^ 
very  strong  cciq;>lexe8  with  most  of  the  translticn  eleznents,  contrary  to 
an  earlier  optnicn  of  other  InvestlgjKtora  (54)*    Fecsok  and  JUvet  (53,  ^?) 
studied  copper  and  lead  gliiconate  systems  polarographl  cally,  spectrophoto- 
netrio»Ujr>  potenUoBetrically^  awl  fM^erometrieally  la  oxime  to  postulate 
posilMe  obeXate  ring  struettires  for  these  materials  end  -to  determine 
equillbrlun  constants  at  various  Ionic  strengths.     Peesok  and  Sandera 
U7»  J3)  conducted  similar  esqp^^lments  for  cadmium  and  iroa(XIX) 
gluconates*  ■ '^vv. ,:■;;.  ./v^-^a,  ■ 

i      Msllor  and  Malay  (56,  57)  have  Observed  that  the  stability  of  sooe 
bi^^snt  Bwtal  coopLexes  decreased  in  the  f ollovlng  order:  paUadium, 
copper,  nickel,  lead,  cobalt,  sine,  cadmium,  iron,  manganese,  ezid  mag> 
nesium.     PELLladium  and  copper,  capable  of  forming  dsp^  sqpjare  planar 
bonds,  formed  the  strongest  chelates.     !Ehe  stabili-ty  of  the  con^exat 
to  decrease  with  increasing  basicity  of  the  metal,  exemplified 


^•^ 


by  the  veak  chelatea  fOzaed  vith  map«aium.  V; 

Trace  El<a»mt  Considerations  '  ' 

During  the  past  ccoitury,  and  especially  vlthin  the  last  iMrty 
years,  a  steadily  increasing  niasber  of  elements  have  be&i  found  to  be 
Invariably  present  in  living  tissue.  Definite  biological  associationa 
have  been  discovered  for  certain  elesMnts  presoit  in  very  minute  amounts, 
relative  to  the  quantities  of  the  main  constituents  in  the  tissues, 
fhese  elements  have  be«i  texved  "trace  elements.** 


Itatolt  and  Zblttdoi  (58),  In  1929,  examined  hiraan  blood  spectro- 
gcajphtetijLly  md  reported  that  alianlaajm,  ealclun.  Iron,  oa^iealum,  nan- 
pntti,  |d^sO|d[ioru8,  potaaaium,  slllecxi,  silver,  titaniim,  and  sine  were 
present  in  all  samples  studied  and  that  ehronlum,  cobalt,  eenaanltn, 
leadf  nietel,  strontiua,  and  tin  were  manifest  In  many  of  tham.     !foday^  > 
further  eleosnts  bave  beoi  added  to  the  growing  list  and  vithln  tMs 
groiq>  are  a  limited  niiBber  of  elements  for  which  essoitlal  physiologicAl 
roles  have  been  une^voeally  established.     ISiese  are  cobalt,  copper, 
iodine,  iron,  manganese,  and  zinc.     Other  elements  as  barium,  fluorine, 
molybdenum,  and  strootiimi  are  gradually  acquiring  Juatlfloatjop  ftr  in- 
clusioa  in  this  grouqp  of  asseiitial  eleoiaats  (59). 

Since  radioactive  Isotopes  of  these  elements  can  be  administered 
in  small  physiQlogl<»l  doses,  and  y«t  measured  accurately,  the  study  of 
these  and  other  eleaanta  IMM  1»Mtt  gMfttly  ftacilitated  and  slmpUfied  (60). 

troa 

Men^^iini  (6I)  vas  Influential  in  placing  the  medicinal  use  of 
iron  on  a  sound  basis  throu^  his  discovery,  in  I7U6,  that  iron  is  a  ^ 
characteristic  and  essential  ccnstltueat  of  blood.  In  I886,  2anoff8ky 
(62)  showed  that  pure  crystals  of  horse  hemoglobin  contained  0.33^  per 
cent  of  Iron.  Iteny  iron  containing  oizymes  have  been  reeo^iised.  In- 
cluding tvo  more  recently  discovered  fXavoproteln  enzymes,  DFNE  cytochrcae 
reductase  (63)  and  xanthine  oxidase  (6U). 

Iron  occiirs  in  the  red  blood  cells  as  betK>globln.  All  ■HBnlian 
hemoglobins  ere  composed  of  four  ferrous  iron  porphyrins  (hemes)  attached 
to  one  gLobin.  Hemoglobin  reveraibly  forma  a  red  molecular  coo^ound 
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Mitb.  (HcyseD  that  e^&lMta  a  definite  abdorptlcn  spectrum.  UadLon  between 
the  boae  cad  Urn  glotoin  molecules  is  believed  to  be  accomplished  thraoffix 
electrostatic  attraction  between  ionized  propionic  acid  groups  and 
mxettem  basic  groups  of  heme,  and  1:^  coco'dlnation  of  t^  iroa  with  a 
nltrcgaivocntalnlng  group  of  the  globin,  jresuated  to  be  the  imidasole 
groi^  of  histldlne  (65). 

Iron  In  the  senm  does  not  generally  occur  in  the  tr—  state,  but 
mlher  is  eanfpletely  bovaid  to  a  specific  protein,  known  as  transferrin 
(66)  oar  alderorphilin  (61),   the  sole  fmction  of  which  appears  to  be  the 
traotsportation  of  iron.  It  has  been  suggested  (68)  that  a  anall  amount 
of  iron  exists  in  the  ionic  fona  In  equilibrium  vith  siderophilin  and 
accounts  for  the  iron  transfer  across  membranes,  lAtereeis  some  seoa  to 
think  that  a  more  cooplex  enzymatic  factor  involving  ferritin  accounts 
for  the  transfer  (69).  '"■     '■'■ 

Since  the  iron  binding  property  of  sidsrophilin  is  specific  and 
since  iron  ccomot  exist  In  the  aanan  In  the  free  state  tea  tax  extended 
period  of  time,  the  capacity  of  sensn  to  transiKnrt  iron  is  believed  to 
be  governed  by  the  siderophilin  cont<sit.  Normally,  about  cne<-third  of 
the  siderophilin  is  actively  transporting  iron,  vith  the  lawitiiliiii 
siderophilin  cooqpzlsing  the  latent  iron-binding  capacity  of  the  serum. 
An  intravenous  infection  of  iron  produces  an  increase  in  Hbe  proportion 
of  iron-saturated  sidercqphilln,  vl-tii  any  excess  of  iron  leaving  the 
blood  stream  and  Altering  the  tissues  (6?). 

For  many  years  Investigators  hove  searched  for  an  iron  eoogpouad 
suitable  for  parenteral  administration  (70).  As  early  as  1898,  iron 
citrate  caid  iron  propionate  were  injected  subcutaneously  in  the 
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trMktmmt  of  chlorosis  (71).  Ffaysiclaos  administering  iron  citrate  and 
irco  cacodylate  vere  concexned  vith  the  pain  f oUoving  their  in^ticn 
(72»  73) •  iMth  et  al.  (7^)  ccnducted  the  first  careful  sttidy  of  the 
tttiUifttlQii  of  iron  Injectigos  and  coocliided  that  "except  in  rare 
Instaac<b8,  tlie  adninistratloo  of  ttm.  ty  the  swrattteral  route  should  t>e 
avoided*" 

lb  1936^  Heilmeyer  (75)  injected  iron  aseorbate  intrsvttiously 
«11&  encouraging  results.  Ih  the  follcwing  year,  iron  and  anmcoiua 
citrate  (76)  and  ferrous  gluconate  (77)  vere  administered  parenterally. 
Verrous  c^ueonate  vas  reported  to  be  void  of  protein  precipitating 
action  as  veil  as  causing  no  local  or  general  reactions  on  injection 
Into  huDBsns. 

'   2h  V3k3,   the  Bulletin  of  the  Satlonal  Fbrmulazy  CoosDittee  (78) 
stated  that  intramuscular  injection  of  iron  vas  the  only  pezmlseible 
parenteral  route.  It  vas  further  Q<ilt«aded  that  since  no  salt  of  iron 
vith  protein  pareclpitating  properttes  laltould  be  used,  the  choice  of 
iron  pcrepeumtions  vas  limited  to  two,  greaa,  iron  and  aztKsonlim  citrate 
and  ferrous  gluconate.  Ibe  latter*  being  fx«e  from  irritation  on  in- 
jection, vas  MBtioned  as  the  drug  of  <^oiee. 

Massive  doses  of  iron  as  colloidal  ferric  hydroxide  and  as 
ecUoddal  ferric  oxide  vere  adoilnistered  intravenously  in  19'i^  vith  good 
reticulocyte  developmcait  (79)*  3Da  the  following  year,  Nisslm  (80)  dis« 
covered  that  relatively  large  aoauats  of  sacebarated  iron  oxiie  could 
be  tolerated  Intravoiously*  Several  years  later,  howwer,  a  fatality 
x-eported  after  an  injection  of  sacebarated  iron  oxide  (Si). 

Ih  19?^»  an  iron-dextran  coopound  containing  5  per  cent  of  iron 
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dsscrlbed  (82).  It  vas  reported  to  be  extremely  stable  In  vivo  r  '• 
and  In  vltroi  vitti  lov  toxlclly  apd  well  tolerated  parenterally  tAlle 
stimulating  erythropolesia. 

•  Cobalt      •  ■    '{ 

Ttx  occurrence  of  cobalt  in  animal  tissues,  especially  the  pancreas^ 
IAS  denonstrated  coodualvely  in  X9S5   (83)*  ^B^b  early  study  gave  no 
definite  Indlcatioa  as  to  the  physiological  functica  of  cobalt.  Four 
yeara  later,  however,  researchers  found  that  the  administraticn  of  cobalt 
la  XH^tlvely  large  but  sublethal  doses  stlnulated  hematopolesis  and 
induced  polycytheniia  in  rats  (81*). 

Ih  1948,  the  pure  antlpemicious  anemia  factor  was  discovered  to 
be  a  cobalt  containing  compound  (^,  86)  soon  after  Oeslgsated  as  vitamin 
B]^  and  later  tensed  cyanocobalamln.  It  vas  isolated  froia  Tnammallan 
liver  as  a  red  cirystalline  coc^pound  containing  U.O  per  cent  cobalt. 

Ihe  inteirest  in  cobalt  aside  from  its  presence  in  cyanocobalamln 
rests  on  its  value  as  a  non-specific  erythropoietic  stiioulant  in  the 
toeetmfflit  of  various  types  of  anemia  (87,  88). 

AlthoTi^  pz^dse  determinations  of  the  cobalt  contant  of  the 
blood  are  extremely  difficult  to  perform,  due  to  the  very  low  concoi- 
trations  normally  pnsent,  Heyrovsky  (89)  bas  estimated  the  cobalt  in  the 
plasma  and  the  paclced  red  cells  of  I6  human  subjects.  Be   found  the 
ocncflatratioii  to  range  frcn  0.23  to  I.70  meg.  per  100  ml.  of  blood  with 
the  paeked  cells  containing  from  O.6O  to  2.32  meg.  of  cobalt  per  100  ml. 
It  has  been  reported  (90)  that  cobalt  does  not  affect  the  nature  of 
hemoglobin  or  its  oxygoi  carrying  cts/aciXy,  nor  does  it  fcroduce  a 
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cotelt-eoBitalaing  tnethemoglobin.  Other  voiicers,  bawvtac,  hum  obsftzreA 
tbe  prewMiee  of  methanoglobln  ^ibesa  aoxraiLX  human  blood  was  incubeted  at 
37**  for  twenty-four  hours  In  the  presence  of  0.2  per  cent  cobalt 
chloride  (91). 

•1  •    '■■^■:-.    Copper  ■'    '•  •-•v'.-' U'' ■ .  ^'>  ^    ..,■>.•.' 
'   Ifv  Xhe  presence  of  copper  In  enioal  tissues  has  been  known  since 
the  vork  of  d'Boutl^iy  (92)  In  I833.  It  vas  not  until  1921>  hovever, 
that  the  first  evidence  of  a  physlole^tlcal  function  of  the  elesMnt  «m 
Indicated  throufi^  imrestigaticn.  In  that  year,  BoctanaiQr  (93)  discovered 
the  presence  of  copper  in  the  h^aaan  brain  end  in  V^,   McBargue  (9^^) 
presented  flgixres  of  the  coiiper  coatent  of  blood  ttd  tissuM^  eofhasising 
the  richness  of  the  liver  In  this  «l«MBt* 

*   Ih  1928,  Hart  and  co-workers  (95)  announced  that  copper  in 
addition  to  iron  is  essential  in  the  fozoation  of  henoglobin  in  rata* 
Biis  dlscovexy  was  soon  thereafter  verified  by  another  woriser  (96)  nfeo  ' 
further  established  that  copper  is  essential  for  heoatopolesis  in  a  vide 
range  of  animal  species.  Ih  V^t   Sdiultse  (97)  stated  that  the  evidanea 
indicated  that  copper  facilitates  both  the  mobilisation  of  iron  from  the 
tissues  and  the  utilisation  of  iron  by  the  blood  forming  organs. 

k  wtiamt  of  copper-protein  compounds  have  been  isolated  from  both 
imlmal  and  plant  sources,  several  of  vhich  vere  shown  to  be  enz^^mes  vith 
?Trt.^fif  functions.  Recently,  the  ens^^aoe  butyryl  CoA  dehydrogoiase  was 
IdOitifieA  aa  a  er^roflavoproteln  in  vhich  copper  occurs  as  part  of  tbe 
prosthetic  group  (98)» 

She  copper  in  the  blood  is  gaierally  equally  distributed  between 
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the  cells  and  ti^  plaama  (99)  •    ^Sbe  copper  coctoit  of  erythrocytes  has 
1MB  s^0im  to  b«  Of  tbe  order  of  0»<XXXyj3  per  coit.    !Qie  copper  conteat 
of  tbe  leu!»eytes  an&  platelets  Is  considerably  less^  about  one-fouirth 
of  that  in  the  red  blood  cell  (lOO).     la  human  blood  plaataa,  90  per 
c«at  car  more  of  the  copper  exists  in  ttw  form  of  a  bliie  copper-isroteln 
compound  termed  cerulppleuBsln  (lOl).     Ibe  remaining  plasma  copper  is 
thou^t  to  be  loosely  bound  to  a  protein  since  it  is  mainly  ncndlalyz* 
able  (102). 

Several  Investigations  vlth  radioactive  copper  hanre  been  node  of 
its  absoxption,  distribution  and  excretion  for  various  species  of  animals, 
all  tending  to  deiKxistrate  the  poor  absorption  of  orally  aAnlnistered 
copper  compared  to  injected  copper  (102). 


lese 

Bexi»«ad  and  Medlgreceanu  (103),  in  1913*  ve^ra  among  the  earliest 
wwrhers  to  abcnr  tkftt  wmxepnt^ae  is  constantly  present  in  the  tissues  and 
orgEuis  of  man  and  animal.  It  has  been  shown  by  dialysis  of  liver  and 
kidney  hoaogenates,  that  appreciable  emounts  of  manawfwae  are  loosely 
held  in  these  tissues  althou^  some  of  it  is  more  fizmly  bouaad  (10^). 
!Ihe  raechaniflD  of  attaclanent  is  believed  to  be  preferential  affinity  of 
iimpinf^se  for  cell  vail  protein.  Becently,  aangH&ese  has  "been.  tAiom.  to  ^ 
b«  an  essential  component  of  arginase,  an  enzynw  of  the  liver,  capable 
of  splitting  argtnine  to  foxm  \irea  and  ornithine  (10^). 

TbB   subcutaneous  introduction  of  manganese  seilts  into  rabblta 
tuut  led  to  their  accumulation  in  all  organs ,  mainly  the  kidoeys,  liver, 
brain,  and  especially  the  l^lood  (106).  It  has  been  shoun  that  manganese 
ia  more  readily  absorbed  vben.  administered  parenterally  than  vhoi 
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oraliy  (lOT,  108).      -■{■■'     •  ^  .-•  r:  :■    ^   •'-:.:.  ^  v  ..-.••:..,.,,.  :. 

'    Data  en  the  iMnginiH  coateat  of  the  blood  are  eeaoMftLogly  mea^r, 
due  to  the  dlfflcvilty  eocountered  in  the  detennlnatlcn  of  the  lew  eoncen- 
txatlcns  nomally  present.     Kdioe  end  co-vorkers  (109)  stated  t2)at  vhole 
human  blood  ccntains  0.12  to  0.l8  tacs»  of  aaaganese  per  ml.,  about 
two-thirds  of  idiich  is  present  in  the  coxpuscles.      / 


Zinc 

Olbe  presence  of  zinc  in  the  muscles  and  liver  of  oon  vas  first 
•atabliahed  in  1877  (UO).  Since  then,  zinc  has  l>een  found  in  all  of 
^b»  ti»0(M»a  ind  Qraaas  of  tb«  body  that  hava  "bam.  exasnined  for  it,  some 
investigators  believing  it  to  occur  in  all  living  cells  (ill). 

Severed  early  attenqpts  mre  carried  out  vlttaoat  iuccess  to  demon- 
strate en  ess«atial  function  of  sine  in  mannalian  phyiidlos/^  (112,  113, 
Hk),     Ta  1939,  direct  esqperlmental  evidence  shoved  this  element  to  be 
present  in  the  prosthetic  group  of  the  enzyme  carbonic  aohydrase  (115)* 
Carbonic  enhydrase  catalyses  the  reaction,  £^0  -i-  COg  ^  B^X>y 
therefore  playing  an  Important  role  in  the  acid-baaa  a^ailibrium  of  the 
body  by  catalyzing  the  cooversion  of  carbon  dioxide  tram  the  tissues  to 
carbonic  acid  in  the  blood  vhich  is  siibsequently  broken  doun  to  release 
earbon  dioxide  in  the  Ixaigs  (ill)* 

Tidlee  sad  Gibson  (ll6)  studied  the  zinc  content  of  hunan  blood 
and  found  8.8  -  2.0  meg.  of  zinc  per  ml.  of  ^duxLe  blood.  Calculations 
shoved  that  75  per  cent  of  the  total  stinc  in  the  blood  was  situated  in 
Hw  erythrocytes,  22  per  cent  in  the  plMH  wd  3  per  cent  in  the 
leukocytes.  The  indivi^bial  leukocyte,  however,  contained  25  times  as 
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much  zinc  as  the  Individual  ez>ythrocyte.  IkkHer  normal  cooditioos,  the 
MAnble  of  the  zinc  in  eirsrihrocytes  can  be  accounted  for  as  carbonic 
anhydrase  (U?).  ;^..  r- 

!Zbe  eonc^titratlca  of  fine  in  the  periyheral  leuleocytte  of 
patients  viUb.  certain  ^p*s  of  hsdkmBSM  bas  htmk  ^tefm  to  be  gfwtlf 
reduced  belov  nozmal  levels.  liijecticas  of  zinc  gluconate  have  failed 
to  raise  the  zinc  level  in  siich  cases  (ll3). 

Since  no  carbcnic  anhydz-ase  activity  has  yet  been  shown  tor  the 
plasma,  -Qie  zinc  present  in  the  plaoaa  is  thou^t  to  exist  In  some  other 
manner  (119)<  It  seems  possible  that  zinc  may  ocetir  la  combination  vlth 
one  or  more  plaaaa  proteins,  since  patients  with  cULbiminuria  excrete, 
on  the  tMOTis**  seven  times  as  much  zinc  in  their  urine  daily  as  do 
normal  individuals  (120).  It  has  "be&x  demonstrated  that  after  intra* 
venously  injecting  a  zinc  salt  into  a  rabbit,  the  zinc  content  of  the 
erythroeytea  riaes  only  aa  long  as  the  plasma  level  remains  elevated  (121). 

Metallic  Cations  and  ELood 

FenaealKility  of  lljrythroeytes 
'Sk^  peraeability  of  tbm  red  cell  a^i'toane  to  vatloui  eleetx^lytes 
has  been  thorou«^y  reviewed  by  previous  vorliers  (122,  123  )•  Ih  this 
section,  additional  informatlcn  concezning  the  hemolytic  effects  and 
membrane  penetration  by  metallic  cations  viU  be  presented. 

Ih  the  earlier  llteratvure,  the  erythrocyte  vas  treated  as  a 
cation-liq^rmeable  cell  (12U).  With  the  advoit  of  the  isotopic  tracer 
fv.       techniques,  the  ability  of  certain  cations  to  pesxetrate  the  red  cell  mem* 
p:  lanam  mm  taaoastrated  (12?^  126,  127). 


.   -^  Potassium  axid  rubidium  chlorides  were  demonstrated  to  be  less 
effective  than  sodlin  chloride  In  preventing  osmotic  heoolysls  of  hiaasa 
blood  >d)ez>ea8  cesium  and  lithium  chlorides  vere  shoun  to  be  more 
effective  (128).  Althouf^  the  red  cell  membrane  Is  lin^znieable  to  sodium 
under  nonaal  eondltloas,  potassium  Is  able  to  slowly  treeverse  It.  Ihe 
actual  exchange  of  Intracellular  potasslioi  Is  e^valent  to  approxi- 
mately 1  per  cent  per  hour  at  body  tesiaperature  (129)* 

Buysaen  and  Ciroes  (130)  found  that  a1  Kal  Ine  earth  cations  in- 
hibited hemolysis  by  both  dlgltonln  end  hypotonic  solutions  In  the 
fOUQwiiig  order  of  increasing  activity:  magnesium,  ealclum^  strontium, 
bartutt.  AlkidtM  maffSh  ions  vere  said  to  thicken  the  erythrocyte  mmt» 
binne  by  forming  Insoltible  salts  vlth  the  ];iu?sphatlde  acids  present  in 
the  cell  vail. 

Croes  (131)  later  fbund  that  aUnll  etarth  eatlcna  increased  the 
rate  of  hemolysis  Induced  by  ao^poain  In  the  foUovlns  order:  macpeslum,   .^ 
calcium  >  strontlin  > barium.  Althou^  magnesltsa  and  calcium  Incxvased 
the  rate  of  hemolysis  caused  by  sodlua  cetyl  sulfate  and  sodliss  lauryl 
sulfate,  they  had  no  effect  on  heroolyala  Induced  by  cetyltrlmethyl- 
azmcnlum  bromide* 

la  the  presoiee  of  lead  (l32),  erythrocytes  lost  potassium  and 
beccBie  less  resistant  to  hemolysis  by  hypotonic  solutions,  the  effect  In- 
creasing vlth  an  Incr^ise  In  the  concentration  of  lead.  Ihe  effect  wm 
attributed  to  an  action  on  the  cell  monbrane.  At  constant  lead  concen- 
traHoiij  deoraased  pH  Indicated  potassium  loss. 

MKfte^ttl  (133)  stated  that  the  action  of  metallic  salts  on 
erythrocytes  depends  on  both  the  concentration  and  activity  of  their 
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catioos.  Ee  ahaved  that  extremoly  scoall  amomta  of  metals  sufficed  to 
produce  haoolywik*,  tbm  hiaolytlo  mativXisy  Increasing  In  the  follcwing 
ox>dert  eixic<  cadBiiuB<  iroa^  cotelt<  nickel,  platl&uia<  Xead<  copper, 
Bwrcury,  palladium <  gold<  silver.   . 

Bess  and  Beltler  (13^^)  noted  that  sodium  chlorldB  solutions  vhlch 
vere  in  contact  vlth  metals  bad  beoolytle  effects.  Hhe  degree  of  ,  - 
hemolysis  depezided  on  the  mstail,  the  temperature,  the  concentratlan  of 
the  red  Ixlood  cozpuseles,  and  co  the  duration  of  contact  betveoi  the 
ii»tal  and  the  solution.  Ihe  hei&olytlc  activity  seemed  to  decrease  In 
the  following  order:  copper  >  lead  >  silver  >  nldcel  >  molybdadm^ 
antlntGoy  >tln  >alumlnum.  The  hemolysis  seemed  to  lox»rease  vlth  tha 
dilution  of  the  erythrocyte  suspension  end  vas  Inhibited  lAien  serum  was 
•n^ftituted  for  the  saline  soluticas* 

]ft  Im  iMtQ  shoim  (l^)  tliat  iron,  copper,  laid,  and  sine  salts 
all  affected  hemolysis,  vlth  sine  salts  demanstratiag  the  hig^st  hemo- 
lytic aotivi^.  She  valence  state  of  the  metal  saaatnd  to  be  xtslated  to 
the  hemolytic  power  of  the  salt,  the  lover  the  valence  state  tbe  greater 
the  hemolytic  pover. 

Ih  a  study  of  the  ben»lyzlng  action  of  copper  aiLts  on  rabbit 
erythrocytes,  Lembin  and  co-«voz^rs  (136)  suspended  vaahad  red  cells  In 
isotonic  saline  or  sucrose  solutions.  Ihey  fbund  that  copper  sulfate, 
citrate,  tartrate,  benxoate,  phonyl^nropicxiate,  and  phenylbutyrate  all 
acted  aimnarlyj  they  heoK^lyzed  the  erythrocytes  la  conceatiations  above 
1.3  X  10*^  mole/liter,  caused  agglutination  in  coacentratlcns  of  from 
1  X  10*^  to  I  X  10"^  mole/liter  and  vere  non-hemolytic  in  concsntzuticns 
of  6.6  X  10*^  mole/liter  or  less.  !I!hey  concluded  that  the  anion  vas  not 


a  factor  la  tbe  effect  of  copper  salta  on  erythrocytea  treated  In  such 
ft  maer*    3bey  later  reported  tbat  CGji^r  salt  conceatxatlaxs  lower 
tiuoi  1.3  x  10*^  aole/llter  hftd  ae  efltoet  en  iSam  reslstsstoe  of  red  l3li>od 
cells  to  hypotonic  solutions  (137)^       ?  Ir'       '  •:  -    <\    < 

£kqcxL(^ing  the  hemolytic  oethod  £ior  the  tet«cadlafttl,<m  of  i.  valuesi 

;■  ■.;■,  -  f.r,  •;■■ 

Ifartnen  aad  Bum  (U)  suggested  that  sine  sulfiite  Ma^  Mite  tbe  f«d  blood 
cell  more  resistant  to  hemolysis  in  hypotonic  solutions  hy  straagthening 
the  erythsxKsyte  laanbinae.  Cadw&lladsr  and  Husa  (^}  recently  noticed  ua<» 
lumeJL  bdaavlcar  in  hemolytic  expertacnta  Involving  zinc  acetate;  low 
concentrations  of  the  sine  salt  seemed  to  protect  the  erytluxxsytes 
•pdnst  osmotic  hemolysis.  Extremely  hi£^  i  valvMs  were  ohtaiaed  fox* 

both  sine  acetate  end  zinc  sulfate  by  the  investigatora* 

,-■  •  ■■  v-^  •■  ,  . .  .      .      ■  ■  .  ■      ...  ■;,■  ,,  .    ■ 

lateracticns  With  Proteins  ' 

NBtftUic  eatioos  are  found  Intloately  associated  with  proteins 

' .i .   '. .     .  -   ,  .  .  ■  .  - 

^m:»u#kd«(t  biologl4»l  s^nstems.  Gkxrd  and  Wilcox  (138)  es^plalned  that 
the  natxxre  of  various  metal -protein  complexes  differs  greatly  depending 
on  the  characteristics  of  the  two  individual  coog^onents.  Tbey  stated 
that  proteins  with  their  many  reactive  side  chains  have  the  potential 
c«g>acity  to  bind  most  metals  very  tl^tly,  so  that  any  metallic  cation  . ; 
that  enters  a  living  orgBoiism  spends  an  lapDrtant  part  of  its  time  bound 
to  proteins. 

IQ  metal-proteln  coog^ilexes,  side  chain  groups  as  carboxyl,  Jbnid* 
azole,  and  sxilfhydryl  are  usually  of  much  more  importance  in  binding  the 
metal  ions  than  are  the  terminal  amino  and  carboxyl  groups.  Changes  in 
the  configuration  of  a  specific  protein  may  create  nsv  sites^  as  In  the 
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of  serum  albumin  \dilc3i  sitaw  A  laegt  InereMe  in  Its  blading  ciqpaelty 
ft^  isinc  viMQ  it  is  vaxioed  SsQOk  25®  to  37^  (139)«  '    '' 

M&tallcrproteins  aa»  svcsogolzed  as  a  structural  type  in  ubidtr  ft 
iqpecific  taetal  atcm  talces  an  integral  part  in  the  structure  of  the  pro* 
ttia*    !Bte  Mrtal  in  such  cases  caonot  be  removed  vitteut  destroying  the 
protein  stxvcture.     Ihe  nature  of  ntetallpproteins  has  recently  been  re« 
▼IwpedbyVaUee  (ll»0).  ■■..■■••••■';  ■■  ■..._.:, vi, ,,   .,    :■.■■:  ^. '.,,: 

&  some  metal  protein  coB^exes  the  metal  ion  is  bound  reverslblyy 
in  vhich  case  physical  properties  such  as  solubility  and  aggregaticQ  may 
te  affected.     Tbe  addition  of  metal  salts  ylboa*  Mrtel  loos  interact 
appreciably  with  the  paroteln  iisually  lovers  the  solublll-^  c^  tht 
protein  (l^il). 

There  are  tvo  general  types  of  metal -protein  cacQlexsSf  siiqple 
cooQilexes  In^hich  each  metal  Ion  confbines  vlth  a  sln^e  llgnid  grot^ 
and  chelate  cco^ilexes  in  vblch  eadi  metal  icn  combines  vlth  tvo  or  more 
ligHQd  groins.    Each  type  may  affoct  the  solubility  of  the  proteini  for 
nmajilrt,  isoelectric  human  hemoglG^lzi  at  pB  6.6  and  0^  is  mudi  less 
soluble  after  the  addltlcn  of  sine  acetate  them  in  a  similar  medium  ccn«iii 
tainlng  only  sodium  salts  (l^).     On  the  other  hand,  tr«isferrin-(Fe^^L« 
a  chelate  metal  protein  complex,  is  ouch  more  soluble  than  the  metal 
free  protein  vsxder  certain  caaditlons  (1^2). 

QmngM  la  the  solubility  of  metal-protein  cco^exes  vlth  changes 
in  Tfi  are  veil  ItnoHn.    At  O'^,  In  the  presence  of  O.Ql  to  O.C^  M.  cca- 
centrations  of  lead  and  zinc  salts,  it  vas  found  that  tte  solxibility  of 
serum  albisaln  vas  greatly  decreased  over  the  pS  ranges  of  2  to  3  for  the 
salts  of  lead  and  5  to  8  for  the  zinc  aalts  (l^l).     la.  the  anw  sti;^. 
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'Qie  effectiveaees  of  some  trazisltlcxial  eleoaats  in  pgreclpltatlng  humaa 
sextBD  albuDin  la  the  pH  radoge  of  6  to  7  vas  foxmd  to  l>e  as  follows  in 
decreasisg  order  of  effectiveness:  copper,  cadmium,  zinc,  and  niclcel* 

m  general,  the  addltlcxi  of  sssall  proporticns  of  metal  salts  to 
protttfiEt  MsHutlons  results  in  the  z^id  foznatlcn  of  very  bulky  precipi- 
tates (l43,  iH).  ■  ■!•■■■■        '■.•>^.    ■  •  ^n-^"  ■■■••••  ;■'  ■■••■- 

Anscn  and  Mlrsky  (1^3)  have  stated  that  hMoogLobln  is  a  typical 
jumniaTiln  protein,  the  processes  of  dBoaturatica  r«0aBft>llng  those  of 
other  proteins.     Ibey  have  theorized  that  hemoglohln  is  depcljnaerized  * 

Into  hetoochrooogen.     Ihese  vorkers  stated  that  the  denaturaticn  of 
hoooglobln  is  a  reversible  parocedure  but  that  the  flocciilation  of  the 
doiatured  protein  makes  it  appear  to  be  irreversible.     Hwy  found  haao- 
globla  to  be  denatured  by  heat,  acid,  alkali,  alcohol,  mechanical  diaking, 
potassium  iodide,  potassium  thiocyanate,  sodium  seiLicylate,  and  conccaa* 
trated  urea  solutions. 

VU  and  co-workers  (l'»6)  hove  menticoed  that  reversible  hemoglobin 
denattiration,  called  pseudodenatiutitloQ,  affects  the  prosthetic  gro\qp 
cnly  therefore  being  fundam«atally  different  from  the  dcamturftticn  of 
o^MH*  i^foteins.    Ihey  found  that  henK>globin  denatumd  1^  jflteifctng  eoudLd 
not  be  reverted  back  to  its  original  fonn. 

BawUnscn  (l^f?)!  In  1938>  studied  the  effect  of  tlie  divalent  ions 
of  copper,  zinc,  and  merctiry  on  the  protein  of  rabbit  blood  pigaent.    He 
detezialned  the  range  of  pH  vithln  lAdch  globin  and  oxjiiemoglobln  vere 
precipitated  by  small  amounts  of  sine  sulfate,  eqpper  sulfate,  and 
Bwrcurlc  acetate.     Globin  vas  completely  precipitated  by  zinc  ion  at  pB 
7.^  to  9*6,  by  cxg^ric  ion  at  pfi  7.0  to  8.2,  and  by  merciirlc  icn  at  pH  6.3 


to  9.0*    03iyh«aoglobi&  vas  coiqxletely  precipitated  by  zinc  Ion  at  pH  7*0 
to  8.1,  1^  cvq?ric  Ico  at  pH  7*0  to  8.3,  and  by  mercuric  ictt  at  jiH  1*0  to 
XO.O.      Tbe  precipitate  of  tbe  sine  •oxyhemoglobin  ccogpoxaid  vas  of  a 
reddish  color,  remined  stable  for  SKUths,  and  vas  readily  soluble  in 
either  dilixte  acetic  acid  or  dilvte  mmmim*    Tt»  pfTOteln  appeared  to  have 
suffered  no  pezioaanffiat  change  as  a  result  of  its  precipitatioa.     It  shoved 
the  nozisal  spectrum  for  ox^eooglobin  and  the  oxygen  could  be  removed  by 
repeated  equilibriation  vith  pure  hydrogen.     Ihe  mercuric <<»t3!hesiogLobltt 
coegpound  precipitated  vith  the  minimal  amount  of  mererxric  acetate  re- 
mained apparently  vmchanged  fbr  some  time  ^ereas  that  precipitated  vith 
a  large  excess  of  tlw  salt  caused  the  pigment  to  undergo  a  change  Kialagous 
to  the  fozmatioa  of  parahanatln.     Ibe  copper-ox;^3emoglobin  vas  almost 
iBBoedlately  changed  to  a  brovnii^  substance  regardless  of  tbe  propmrtien 
of  the  copper  salt  used  to  precipitate  it.     The  brownish  substance  in 
ffHf^^<n«p  JiQlutioa  had  a  spectrum  a(XBm6m,t  similar  to  that  of  alkaline 
henatte  sad  eet  re&tctlcn  vitli  sodiusi  hjiSrosulflte  the  spectrum  vas  that 
of  hemocfaromogen. 

■ .'.      1 

!Ihe  Permeability  of  'Sbe  Red  Cell  Membrane 

Ihe  penoeablllty  of  the  red  cell  membrane  to  various  organic  and 
inorganic  ccnipounds  has  be«ai  revieved  by  recent  vorkers  (8,  122,  123)* 
Tbe  purpose  of  this  section  is  to  briefly  consider  the  perooeabillty  of  Hha 
erythrocyte  membrane  to  organic  anions  so  that  a  better  voiderstandlng  of 
the  possible  activity  of  the  gluconate  ion  may  be  reached. 

Tbe  red  cell  is  recogiized  as  being  quite  pezioeable  to  vater  and 
to  some  anions,  but  only  slovly  perishable  to  cations;  the  pexioeability  of 


^; 


tlie  toembrene  to  anloos  Is  estimated  as  belzig  about  10^  times  that  to 
potassltn  (l^).     PcQder  (l4d)  eaqplalned  that  ampid  volume  cbaoges,  ln> 
dxiced  by  changing  the  conceatratlcici  of  salts  or  of  naaelectrolytes  in 
the  9Ui(pefyii€ia  sie41ui«  tiod  to  be  \m^HSiit  about  by  Vm  wmmim%  Qf  vaX^r 
tlm^t  ^at  in,  the  eell  tends  to  htSmm  ae  an  owooete?. 
fU^*,;'!  V   Eober  (1^9)  recogolssed  the  Incocipletaiess  of  our  uaderstandlng 
Of  trythrocyte  yBfeability  to  orSBmio  aolcxis.    Es  presented  sereral 
jAnetors  that  must  be  considered  ia  axpTatnlng  the  osoiotlc  changes  of 
eell  volume  and  bemolysisj  tltese  factors  are:  a)  vhether  the  orgBnic 
acids  are  surface  active^  b)  vhetber  the  organic  acids  forming  the  salts 
are  strong  or  veak«  c)  whether  the  orssnlc  acids  are  lipoid  soluble,  d) 
Aether  the  ions  are  strongly  hydrated^  e)  idxether  the  icxis  have  hydro* 
tropic  or  solubilization  properties^  and  f )  lAether  the  ions  are  poisonous, 
acting  either  on  the  surface  or  on  the  entire  protppla«W     ,  ■^■-'  '•i' 

Caduallader  and  Husa  (6)  irecently  reported  that  the  order  in  MhLdx 
■eat  orffuic  anions  appMired  to  protect  rabbit  erythrocytes  against  os- 
motic hemolysis  was  tartrate,  si:^cinate  >  citrate  ^p««ainobenzoate>    > 
acetate,  salicylate,  and  boazoate.    flor  human  blood,  tte  order  of  pro* 
tection  appeaired  to  be  tartrate  >  succinate  y  pHHiine&allcylate  >  p-eisino* 
benzoate  >  salicylate  ^  bensoate,  with  citrate  falling  between  succinate 
and  p-emlnob^izoete,  depending  on  concentration.     Ihey  noticed  iimt  the 
protective  action  of  the  organic  anions  seemed  to  increcuse  with  an  in* 
«MMe  of  polar  groups  present;  Increased  hydration,  with  slower  dlfx\islon 
and  increasingly  difficvULt  traversing  of  meaibrane  pcares,  was  offered  as 
a  possible  e»plazu9ition.     Hydration  of  the  anion  could  understandably  In* 
cirease  the  effective  concoitratian  of  a  solute  by  decreasing  the  maam.t 
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apffe<iit  (^  !Bg  aft  Bigsieiyisis  ■^'■'■■i' 

Btaolysls  of  erythrocytes  in  hypotcnic  oedia  smst  te  dlf£<erentlated 

jfygm  tbot  CBUSOd  Iff  Sr  lilMBfll  4&  tJIW  GQUdLlltelUB  0£  iSSB  ^l5WH^  ffOBlltl  'frWB^fft 

•  ■_;;  ,:.,.•;:..""  w.   ;  ■■  ./  ;;;':'.,  ...,^    '  i, ..  .'u  ;^r.::  ■'.   .I'l- ;.,■     J:,':..-:, 

vitli  x«^ect  to  bS.    Ibe  oaaicrtie  fifasllltar  of  iS»  red  ^ood  cells  aay  be 
iBcroased  aod  tbelr  permaaMl,lty  to  imxloua  Ioda  altered  lelth  a  chanae  in 

EaatlKW  (l^)  found  that  t^Ks  resistance  of  eryHsrocytes  to  tlMl 
hy&rc^/ssa.  ion  varied  vltb  t3ie  animal  species.    The  gutripg?.  pig  ex^throcytes 
tfKJWift  t2ie  (pntlMMt  resistsQce,  bemolyzlng  at  p8  3«7>  viierettv  tapytbro* 
cytes  froia  runxlzismts  bamolys^  at  pE  6<0.    Ilhls  varlatiaa  in  resistance 
wm  mirG)^  tQ  tins  tm%  atmt  ^TTtbro^jrtes  of  vailoug  ;^peci#§  contain 
s%r6m  <^ss^om&  6t  pf&tiSSsa  vi^  mtfrnmat  tao^lLmtxie  pdtatS}  tbe  atraaa 
nMch  are  less  porace  to  agglutlnatixsi  are  more  strczigly  l^ydrq^Ml  and 
conse^^aesatly  promote  honolysia. 

C3irlsto;i^bers  (151)  daloed  €bat  ^ha  haodLytic  effects  of  acids  and 
bases  depend  ca  some  critical  hemolytic  dose  absorbed  by  tibe  cells^  at 
vbieh  point  acid  dissociable  coo^^ounds  fora  vith  -Oie  cell  proteixis. 

According  to  Harris  (152)^  iten  cells  are  placed  in  a  medium  con* 
tainlng  either  anions  vhlch  do  not  pesietrate  rapidly  ot  a  laa  co»cea<«^ 
traticn  of  electrolyte,  there  is  a  dtaafls  in  the  intracelltilar  jfi  vith 
a  potential  differ«aKte  developtng  across  the  cell  meobrane.     If  erythro- 
cytes  are  introdaoed  Into  suc^  xm^Ha  tbere  is  an  exnhwgt  of  internal 
ch]Uxrid0  tdfis  for  tseteeui  hydroxy  ions  making  the  cell  interior  alkaline 
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wad  the  extexnal  solutlcxx  acid.  Hie  aUcallnity,  If  esecesslve,  can  cause 
henolyslij  fbr  this  reasoa  cells  Iceep  better  In  medlisQ  acid  buffered 
than  In  neutral  or  alkaline  solutions.  When  cells  become  moderately 
alkaline,  the  ionlsation  of  tbeir  hanoglobin  is  taereaaed  necessitating 
fever  anions  to  iwalnt^ftln  electrieai  luautralil^  vithin  the  cell.  Also 
resulting  are  a  decrease  in  the  Intexnal  osmotic  ^ressxcre  of  the  cell, 
a  defflytiaa  in  the  cell  volume,  and  ho.  Increase  in  the  TOsistance  of  the 
cell  to  lysis  by  hypotcnie  solutims  (153  )•       j. 

Biaaan  ired  blood  cells  in  saline  media  ccntainlng  acetate  buffers 
begin  tocrenate  at  pK  J.Q,   as  the  pH  is  reduced  towards  the  Isoelectric 
point  of  hemoglobin,  pH  6.6  to  6.3,  and  the  crenations  persist  until 
about  pR  6.0,  belov  lAdch  the  oetlls  are  discoid  until  they  begin  to 
hemolyee  at  pE  SI.U  Crenation  under  these  conditions  appears  to  be 
associated  vith  Intracellular  cxTStallization  of  h^soaXobin.  Crenaticn 
also  occurs  above  pH  8*0  and  the  cells  assume  a  perfectly  saooth  q^barical 
foBB  at  pH  9.2  (15^).    \  1       > 

It  has  been  demonstrati^  (155)  that  the  volume  of  erythrocytes 
gradually  InoreasM  vith  the  94m>Um  of  sulfuric  uteid  mtil  beaolyaia 
nnndLtt.  Ill  (Masotic  hanolysis,  iMBK^dbin  flows  out  of  tXie  cells  . 
iritereas  in  acid  induced  hemolysis  a  portion  of  the  beoKS^p^bin  ranains 
fiaced  in  the  stroma.  /■-■■■■■'•■,' ^  .. 

BodMMky  (156)  found  tlie  order  of  effectiveness  of  IsorgBnic  acids 
in  producing  haaolysis  of  human  and  dog  erythrocytes  to  bet  phoi^gihoric, 
sulfuric,  bydrochlcnric,  and  nitric  acids,  listed  in  order  of  decreasing 
effectiveness.  Ee  fotnd  human  red  corpuscles  to  be  less  resistant  than 
canine  red  cells  to  hemolysis  caused  by  acidil^.  In  ca»»ntrations 
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eausixig  re^ld  hemolysis.  I.e.,  sH  X.O  to  2.8,  thera  was  ijojinry  to  the  cell 
maBbrsBQe,  teycnd  that  idileh  could  oectir  in  oaootlo  bcnolysis.    Be  e&oved 
that  In  hesiolysls  taduced  by  inorgnilc  aelda,  a  reactiati  between  the  cell 
coastituents  end  the  aeld  vas  eoas^^Lete  before  hemolysis  begaa;  this  umi 
in  part  ascribed  to  the  rapid  peaietratiaa  of  the  acids  into  -Uie  cell* 

^  -     £a  1931>  Jacobs  and  Bsorpart  (l^)  shoved  that  ch«na"i  in  pH  as 
little  as  0.01  of  a  unit  and  t^operature  variations  as  maX\  as  0.5  of  a 
degree  could  have  a  aeasurable  effect  on  the  observed  degree  of  hemolysis, 
la  a  later  peeper,  Barpart  £t  ^.     (153)  dnicnstn.t«d  tNit  1^  lowering  the 
pH  frcia  6.79  to  6.59>  a  Mlt  oonceiitsiitloii  of  0.529  p€gf  e€Bt  mm  miiti 
to  protect  50  per  cent  of  the  suspended  erythrocytes  from  hemolyzing 
irtiereas  only  0.^00  per  cent  salt  concentraticn  had  been  needed  prior  to 
lowering  the  pH. 

'  "   Bianan  erythrocytes  have  beaa  o^oun  to  becoat  pexmoable  to  lithiuD 
and  sodiuB  ions  at  pH  6.67>  to  potassium  ions  at  pH  6.8,  to  rubidivsa  ions 
at  pH  6.92,  to  cesivm  ions  at  pB  7>06,  wad  to  lov  concentrations  of 
anmoniim  ions  at  pB  7.48  (159)*     'Bern  j^ibssage  or  chloride  and  sulfate  ions 
through  the  cell  raeiEibrane  has  been  ^aavm  to  be  slowed  by  lowering  the  pH 
of  the  soltrtion  in  vhich  the  ceJLls  are  suspended  to  below  pH  "J.k  (16O). 
'    Qenrson  and  Reiner  (16I)  fOuad  that  the  oaX  red  blood  cell  has  a 
^larp  pH  opttoai  (j^  7>2)  for  sodium  pexmsability}  the  effects  of  pH  on 
potassium  permeability  were  small  in  ccc^arison.    de  cat  earythrocyte 
Qozoiftiiv  contains  a  h<g*>  ocneentr&ticKi  of  sodium  as  its  main  iii't-.i'a^'Jti  1  »ii  ^■r 
Mtia&  In  dontrast  to  the  tsmm  mf&myei^  iM^  goncsii&s  end^y 
potassium.  \''  '       ..-■-;'■  ■■.■<-'_.    ./.^.^ 
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Blg^  ccocentratlotis  of  hycbril^pi  i<3Ds  or  hydaxixyl  ixaa  mm     i    •    ' 
t^peixLe  of  piroduciag  Irreversible  cliiiifM  In  the  erytlirocytes  thomsdve*, 
altlM3U£$i  av&r  a  conslderalde  part  of  tbe  pfi  range  tbe  effectB  aom 
reversible*  ■  ■':■';....■,  a,.  ,^        , .  .    .,  .  . 
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EXEERIMERTAL  fp 

Htxe  chemicals  used  In  tMs  izxvestls&tioD  wire  obtatoed  from  com- 
mercial sources.     Ihe  chrasicals  are  listed  in  Ikble  1  along  vith  their 
sourc«a«  tQ7emlA9f  grades^  and  lot  niaoslbers*     Ibe  «bl»reviatioeu>  used  and 
their  meanings  are  as  follovst 

A  Amend  lirug  and  d^wmdcal  Co.,  lne» 

9  Cbemo  Puro  Manufacturing  Corp. 

M  MdJinckrodt  Q^mical  Works 

MK  Mez-ck  and  Co.,  Inc. 

9  Cbas.  Pfiser  and  Co.,  Inc. 

Methods 

Collection  of  Elood 
!Ihe  rabbit  blood  used  vas  obtained  from  healthy  male  and  female 
rabbits  by  heart  pimcture.  A  IT-eauge,  2-inch  sterile  disposable  needle 
attiuehed  to  a  lO-ol.  sterile  ayrinflB  iiws  employed  to  make  entrance  into 
tike  h«urt.  Ihe  cardiac  puael^are  was  eue^evBd  throu^  fts  left  inter* 
costal  spaces  as  near  to  the  stemimi  as  possible  in  order  to  avoid 
injury  to  the  pleural  cavity,  /^^proxtmately  10  ml.  of  blood  vas  vith- 
draxm  and  icnediately  defibrinated  by  gentle  rotation  vith  10  to  15 
glass  beads  contained  in  a  ^OhbI.  Florence  flask.  After  swirling  the 

as 


CHiaacALs  u^a>  in  h^parinq  soujtiohs 
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QuMBlcal 

Source 

Formula 

Grade 

Lot  No. 

Calcium  Oliicooate 

A 

^<C#1T^)2 

USP  XV 

051716 

Cotbalt  Gliiecsiate 

C 

Co(C^Tt0y)2»1»%0 

Refined 

•■V(:.  -.8320 

Cojigper  (SLucooate 

P 

Cu(C6E3j,a^)2 

Befis«4 

5998 

frm  Qlucoaat« 

A 

fe(CgHj^a^)2-iiH20 

Wl3t 

E53797 

Mieaealum  Gliiccnate 

P 

*^<^6^^^2*^2° 

Refined 

5208 

HMifMDiefM)  aiueceate 

P 

mic^s^Oj)2'^o 

Refined 

5ia»8 

Potfl^sltim  (SLucooAte 

P 

^6\l^   ;:,^ 

Refined 

51368 

Bodium  Carbcnate 

M 

Ha^COj 

ReagQit 

CJR 

Sodixan  Chloride* 

MK 

NaCl 

llea«ent 

51587 

Sodium  Oluconate 

P 

NaCgHj^O^ 

Refined 

051118 

SCine  Gluccoate 

e 

2^<C^11^)2*^° 

Refined 

TTOk 

a  -  Sodium  chloride  for  biological  wwrk. 


flask  for  approximately  five  minutes^  the  defihrlnated  blood  vas  dec«ited 
into  ft  5Qhb1*  Erloimeyer  flask  and  aerated  by  gentle  rotation  of  the 
flask  ttxr  about  five  minutes. 

She  husan  blood  was  obtained  rfiiefly  ftrom  the  veins  of  the  arms 
of  a  twenty-five  year  old  vhite  male.  Seveiral  esqperimaits  were  conducted 
eoploylng  blood  donated  "by  male  volimteers.  Ttxe  blood  vas  draim  from  the 
arm  of  the  donor  vith  a  hypodermic  syringe  and  needle  and  treated  in  the 
same  manner  as  the  rabbit  blood. 

Fresh  blood  samples  were  iised  throughout  this  investi^^ation. 
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RreparatlGD  of  Solutions 

Soluticns  of  the  cfawdLcal  erulwtaiiees  ware  porepared  by  vei{$ilng 
the  proper  trnwatB  of  the  chemicals  and  placing  them  In  volxxseti^Lc  flasks 
vblch  vere  hroui^t  to  YoluBe  vlth  triple  distilled  vater.  All  of  th«  ' 
<dianlcal  eoncentratlaxs  vez«  calculated  In  terms  of  the  anhydrous  scJ.t* 

An  approximate  dilution  range  vas  determined  for  each  salt  by 
conducting  a  prellmlnairy  eiqperlment  in  vfalch  the  ccncentratlon  of  chemical 
sufficient  to  jprevent  hemolysis  and  the  maximum  ccncentratlon  present 
without  prevoatlng  hemolysis  constituted  the  limits  of  the  desired  range. 
Various  Intermediate  concentxatlons  weare  then  prepared  and  the  eogperlment 
carried  out. 

la  experiments  employing  solutions  containing  both  sodlvm  chloride 
and  the  chemical  under  InvestlSBttlonf  the  same  procedure  was  followed. 

,:...,  QwntitatiTe  Detexnlnatlon  of 

'  '  Per  Cent  SeiaolyBlB 

Ihe  method  used  to  detezvdne  -file  degree  of  ttemolyBls  was  esien^ 
tially  that  of  Hxmter  (l62).  It  Is  based  on  the  fact  that  the  ^oantlty 
of  red  oxyhemoglobin  exuded  from  the  erythrocytes  by  a  hypotonic  solu- 
tion Is  a  direct  fimctlon  of  the  proportion  of  red  coipuscles  hemolyzed. 
Bw  MMunt  of  oxyhemoglobin  liberated  on  conqplete  hemolysis^  by  the 
laklng  of  erythrocytes  In  0.1  per  cent  sodium  carbonate  solution,  repre*  . 
salts  unity  In  exE»:*eB8lng  the  degree  of  hemolysis  occurring  In  a  given    , 
■tr^igth  of  salt  solution.  Hie  guaatitatlve  determination  of  the  pro- 
portion of  hemolysis  In  a  salt  solution  of  any  str«igth  Is  acdilwed 
by  centzlfuglng  down  any  tmhemolyzed  cells  Jtist  prior  to  determining  the 
aaouat  of  oayfaemoglobln  prestfxt  In  the  supernatant  solution  by  means  of 
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«  Sliotoelect3^c  eolortJMtert 

SIhe  method  esq^xLoyed  in  tS»0e  esi^risMnts  ecnsisted  of  yt^unetrleally 
traasf erring  duplicate  3  nl*  porticos  of  standard  sodlvaa  dilorlde  solutions^ 
rwiglng  In  concentration  traai  0.32  to  Q*hh  per  cent  for  Caucasian  blood, 
0.2li-  to  0,hk  per  cent  for  Negro  Talood  mid  0.32  to  0.52  per  cait  for  rabbit 
blood  into  colorimeter  tubes.     To  tbese  solutions,  0.05  ml.  of  fresh  de- 
filnriaated,  aerated  blood  vae  added  end  the  tiibes  carefully  inverted 
several  times  to  obtain  eonqplete  nixing.    The  blood-salt  mixtures  vere 
thai  placed  in  a  vater  bath  at  3^  for  fdrtyfive  minutes.    At  the  aid  of 
tMs  period  the  mixtures  vere  centrlfuged  for  three  odUmtes  at  approxi'* 
mately  2000  r.p.m.     A  Xlett«SiBinerson  photoelectric  colorimeter  with  a 
y    So*  3^  gMMn  filter  ww  u«td  to  mmvsxm  the  oaount  of  li#t  absorbed  by 
tlM^  iu^exiMtttat  Xl^d. 

CoDiplete  hoBolysis  of  human  end  rabbit  blood  vas  effected  by 
placing  5  nil>  of  a  0.1  per  cent  sodium  caibonate  solution  in  a  colorimeter 
tube,  adding  to  it  0.(^  ml.  of  l^ood  and  mixing.     After  allovlng  the  tube 
to  stand  for  the  prescribed  forty-five  minutes  at  37^,  the  pz^paration 
vas  eentrlfuged  for  three  minutes  and  the  amount  of  llg^t  abs<»bed  d»» 
termlned  col<xrimetrleally.     Five  such  tubes  vere  inrepared  for  each  blood 
saiz^le,  tvo  being  read  at  the  beginning  and  three  at  the  and  of  the  ex- 
perimental ruEi.     Hie  average  of  the  five  readings  represented  the  100  pen* 
cent  hemolysis  valvie  and  vas  subsequently  «!^oyed  in  calculating  tha  ^ 
decree  of  hemolyBls  of  the  blood  in  the  various  salt  eoaceetrftti^ns. 

A  blank  m»  yiwpared  by  pla«£ag  0.05  ndl*  of  Mood  ixk  ^  ial,  Gt 
0.85  per  cent  sodlvmi  chloride  solution,  allovlng  to  stand  for  forty-five 
f^:^'  minutes  and  centrifuging.    The  colortoMiter  vas  calibrated  to  zero  by 
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U'tiUxi&K  two  sucb  propafed  IsXkqIcs* 

9i»  pesr  emt  heaetlsniii  dcM!R£i»^  In  di^lieate  tales  of  meh 
•trcaogth  odT  salt  solution  vas  calculated  by  dividing  tbs  mnnm  r— ding^j 
obtainsd  froei  the  two  readings  of  eadi  salt  cono^itxtKtlaa  by  tbe  average 
rsadlng  obtained  from  the  eooplete  baotolysls  obtained  vlth  sodiisa  carbacate 
solution.  QKse  calculations  tDUltlpUed  by  100  then  r«9r»s«Bittd  the  per 
cent  of  total  hemolysis  In  eaedi  strong^  of  salt  solutlott«  ' 

VlBurlatlcns  in  erythrocyte  osiaotic  fragility  in  solutions  of  the 
MBM  salt  concentration  with  different  sastples  of  huoian  blood  has  been 
noted  (2}>  Any  error  due  to  this  variation  vas  minimized  by  determining 
tiM  d^prwa  of  hemolysis  for  each  blood  sanikle  in  sodium  chloride  solutions 
of  varying  caneentraticn.  ISuas  a  dl^rti^it  coiqparltsn  betweaa  the  degree  of 
iMMlysis  oeeurrlng  la  ft  eeiftato  eoasiaeitratlon  of  soaitia  ehlozlde  solution 
and  a  solution  of  seme  other  salt  yma  obtained*: 

^  Determinatlcn  of  Per  Cent  Hom^lysls 

When  Dealing  with  Colored  Solutions 

Sxe  soluticns  of  several  gluconates  studied  in  this  work  were 

colored,  for  the  quantitative  deteitoinatlon  of  the  per  c@Qt  heoiolyslB 

\dien  ctealtng  vlth  such  solutions^  one  of  two  methods  was  eiiq;xLoyed  de« 

poiding  on  \^ther  or  not  the  color  of  the  solution  produced  an  additive 

eolorloetrlc  reading  with  oxyhemoglobin* 

r  In  the  first  method  oxyfaanogloMn  solution  prepax-ed  by  laklng 

erythrocytes  in  triple  distilled  water  was  added  in  Uka  anounta  to  two 

colorimeter  tubes,  one  containing  5  iBi.  of  trl|iLe  distilled  tAter  and 

•i-     the  other  containing  5  ml.  of  the  colored  gluconate  solution.  Tb  a  third 

tube^  cent«4nln£  5  al*  of  the  c<aQred  solution*  a  portion  of  triple 
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m/sb.  &t  tlw  ftriit  txio  t^lb^e  wm  added,     flie  eolorlBet«r  readlag  of  this 
third  tube  added  to  the  reading  of  the  tube  containing  only  v&ter  and 
oxyhemogpLobln  vbs  congpared  to  ti»  rending  of  tbe  tube  containtng  the 
03t^ti«QogIobln  and  the  coJUnred  glucooate  solutlonj  if  the  xvadings  agreed 
viUxln  esqperlxaental  error  the  two  colcars  were  coasidered  to  be  adUtive. 
If  -(Mb  vere  found  to  be  the  case,  oolorlateter  readings  of  mxSx  gluconate 
solution  vere  made  before  the  addition  of  bXood  and  served  as  blanks. 
^Ebeir  values  vere  subtracted  froQ  the  colorlioetrie  resAtags  obtained 
after  the  blood  vas  added  to  pezmit  m.  accurate  deteroination  of  th«  |i 
amount  of  li^t  being  absorbed  only  by  the  oxyheoK>globln  present  in  the 
s^pexnatant  liquid.  ' 

If  the  eol«rs  of  ox^bsmo0.^t&  and  the  glueeeate  eolutlon  vcav  not 
found  to  be  adi3itive,  the  second  of  the  two  toethods  devised  was  employed. 
In  this  method  the  per  cent  hesoolysis  vas  determined  by  difference*  that 
is*  from  the  amount  of  oxyhemoglobin  remaining  In  the  erythrocytes  not 
yst  henolyzed.     !Zhe  standard  procedure  atQ>loyed  ^dien  dealing  vith  color* 
less  solution  vas  carried  out  tmtil  the  point  following  eentrifugfttion  of 
the  tul^Sf  Just  i^or  to  the  tiiae  that  the  colorlmetric  ireadlngs  vere  to 
be  teJcen.     l^tead  of  taking  the  readings,  the  supernatant  solution  of 
the  CKjilored  gluconate  and  ox^emoglobin  from  lakad  cells  was  meticulously 
decanted  frasi  each  tube,  beiz^  careful  not  to  disturb  the  unhemolyzed 
cells  clinging  tenaciously  to  the  bottom.     She  vnhemolyzed  cells  were  then 
washed  with  O.85  per  c«it  »3dium  chloride  soliztion,  re<»ntrifugsd  end  de- 
canted, the  parocess  being  repeated  imtil  the  svqpematent  li(|uid  was  f^ree 
of  color.    Tba  si^peraatant  ligJtLd  of  the  last  washing  w«s  daoant«d  Mid 
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0.1  per  cent  aodLvaa  carbonate  solutioo.  adjted  to  a  mark  etched  aa.  the  •' 
coloxlmeter  tube,  denoting  a  valvae  of  5*05  ml.  Tbe  tube  tias  eantly  - 
Inrerted  to  t&0ure  ccoplete  lumolyals,  the  g^oat  cells  centrlfufied  dowi» 
and  ti^  resulting  col<»r  ircad  on  the  coLoriioeter.  ^y  subtracting  the 
mnantffit  reading  of  two  diqplicate  tubes  from  the  reading  of  100  per  cent 
iMWAysis,  the  colorimetrlc  valiie  of  the  oxafbemoglobin  exuded  frca  the 
cells  arlginally  haoolyzed  vas  obtained*  Vrcm  this,  the  per  cent  hemo- 
lysis was  calculated  in  the  xisual  manner.     v,  v" 

AiK '      Calculation  of  1  Values  for  Use  in  Preparation 

■'•'•/:{' ^-v  •  of  Isotonic  Solutions  i   ''  '"  '  ' 

iii-,.    la.  order  to  deteznine  the  i  value  of  the  gluconates  used  in  this 
stud^i  ^a/s  per  oent  beeolysie  of  »  h3U)Qd  seyi^^  in  yijryia«i  egmmtaMom 
&t  BQdSxa  (Salxxpide  sc^utlon  as  ViCtl  as  in  varying  eoneeatra'UoBs  of   '-^i 
gluconate  solution  was  determined.  Sy  plotting  the  per  cent  hemolysis 
against  t2ie  strength  of  the  solution,  a  siffioid  type  of  curve  invariably 
resulted  with  sodivsn  chloride  solutioos,  and  usually  for  solutions  of 
other  salts.  From  the  cunres  ahotdng  the  degree  of  baoolysis  in  both 
the  sodium  dblorids  and  the  gluconate  solutions,  the  concentrations  in 
Qm./lOO  ml.  of  sodium  chloride  and  the  gluconate  (causing  25»  30,   and 
7^  per  cent  hemolysis}  vere  obtained* 

Blowing  the  concentration  of  sodium  diloride  and  any  other  cca- 
pound  giving  the  same  degree  of  baoolysis,  the  hemolytic  1  valtie  for  the 
INMgpound  being  investigated  ms^  be  calculated  according  to  the  foUovlng 
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j;,  viXue  fory  Cta.  of  Had  \    '     .:  ^^/-  /l  value 


tor  \    /  Cta.  of  otliey 


IftCl         A    In  100  ml.      I  V  o^^^**^  t^*^'     /    (  ooagpouad  in  100 

/  \  of  soluticai  /      — ;  \     pound         /     Nral.  of  solution 


or  \    /ita. 
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(da. Hoolecular  vei£^t  of  Nad)  (Gm. "molecular  velijbit  of  coctpound) 

Id.  Ufilng  -tile  above  equation  the  value  of  1  for  sodiuta  chlocride  vae  taken 
aa  1.86,  tl»  accepted  v&lvte  for  0.9  per  cent  (0.15  M)  soditn  chloride 
aolution.    3hiB  i  valiie  of  aodium  chl<»lde  v&s  calculated  from  activity 
eoefflcieaits.     Die  1  values  of  the  glucanates  used  in  these  eoiperimenta 
WBf  <m}>Si\\»Wi  trm  cone«ntx«tiQ«i9  ^auiiiig  25$  30,  and  75  p^  em% 
lieBKuyBxs  of  ImmB  and  nAtblt  efijf^hs'dQytea. 

In  calculating  i  values  for  sluconates  deteztzdned  in  the  pz^senoe 
of  Q»Z  JftX  ctsat  sodluQ  ehlorlde,  0*2  On.  per  100  oi*  of  sodius  chloride 
waa  sutytraeted  frodQ  the  coneeatrations  of  sodiim  chloride  causing  25  >  50, 
•ad  75  per  cent  henolyBia.     Tbe  ayexaga  of  these  three  1^  values  vas  con- 
eldesvd  to  be  a  repreaentative  value.    A  minlmm  of  two  such  average 
values  vas  obtained  for  both  fauinaa  and  rabbit  blood  for  each  cmpound 
detexmioed.  ,  .    -,,    ■  .     -'-'c  •  '  I^' 

IgSL  Ejiperiiz^nta 
Xa  preliminary  hemolyais  experlioaits  asploying  some  iron  salts, 
a  darkening  of  the  blood  vas  observed  on  sevezul  occasions.     It  vas  8\ig« 
seated  Hmt  one  possible  cause  of  musb  darkening  vaa  i3m  icldtty  of  the 
aOlutiotia  being  tested  (I63,  I6U).     Since  the  entire  henolf^ie  aethod 
depoids  on  the  accvorate  colorioetric  determination  of  cherry-red  oxy- 
baaoi^obin,  any  color  change  vould  make  such  deteznlnations  vorthleas. 
Aa  esqmrlaent  was  carried  out  to  detennine  the  maxlBium  acidity  that  a 
aolution  oay  have  without  altering  the  color  of  the  oxyhemoglobin 
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llb«»ted  ft-cm  hmolyied  erythrocytes. 

%  volui9^EtQ«Uy  idikiAg  eqiuaX  q^jaaUtlM  of  aeflbrlnated  rabbit 
1>Xeod  td  m»  test  tube  eontaining  trlpCLe  distilled  vater  and  to  another 
tube  containing  an  eqpial  vxxLurae  of  acidified  triple  distilled  water, 
colagdUaetrio  coo^iariBons  of  the  liberated  oxyfaeooglobin  vas  possible « 
^  varying  the  degree  of  acidity  of  the  vater  in  a  series  of  tubes,  the 
pB  at  vblch  the  blood  failed  to  xo-oduce  the  mbmi  colorimetric  reading 
as  the  tube  ccctalnlng  unaltered  triple  distilled  vater  vas  easily 
deteztnined.  r,/ 

In  another  experiment,  the  effect  of  Inrraailng  the  hyd^OifWl  loo 
coacentratioQ  on  hemolysis  vas  detextsined.     Ihe  pB  swge  &srms%S.  vas  that 
i^ch  would  inclvide  the  pH  values  of  those  gluconate  solutions  idiich  were 
oore  acidio  thfta  the  refereeee  sodiyn  (Worlds  solutioea  eBQiLoyedj  this 
mlts0  iMkS  pR  3.5  to  6.8.    ibe  oel^dd  eaiployed  consisted  of  volumetrlcally 
transferring  duplicate  3  ml.  porticus  of  standard  sodixan  chloride  solu- 
tions, ranging  in  concaitratlcn  Sxm  0.32  to  0.52  per  cent,  Into  colo- 
rlmeter  tubes.     Ibe  pH  values  of  these  solutions  were  determined  with  a 
battea^  operated  Bedsnan  j^  meter.     Lllse  porticns  of  sodiiim  chloride 
solutions  of  the  same  cGncaitrations  but  acidified  with  concentrated 

.ir 

hydrochloric  acid  to  various  degrees  of  acidity  were  volvmietrlcally 
transferxed  to  colorimeter  tubes.  !B>  each  of  the  tubes  0.05  ml.  of  fresh 
denbrlnated  rabbit  blood  was  added  and  tto  tubes  carefully  Inverted  to 
obtain  complete  mixing,  de  tubes  were  -Uien  placed  in  a  vater  bath  at 
37®  for  forty-five  minutes  after  which  they  were  treated  in  the  usual 
OMOiner  for  the  determination  of  per  cent  hemolysis  of  the  blood  loo.  each 
tube.  By  plotting  the  per  cent  hemolysis  against  the  concentration  of 
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^  ielatleiiB,  slgaold  etsmnU  x«milt(id  for  both  the  dal^  cS^taliied  frdn 
tlie  acddlfied  as  well  as  the  isiacidlfled  sodium  (dilorlde  solutlceis.  A 
dlxvet  cooiparisoa  of  the  shapes  of  tile  curves  aod  tteir  relative  po* 
•Iticsxs  pro^rlded  a  meekns  of  attarlbutiog  a  portion  of  iSae  hemolysis  oc- 
currlag  in  the  blood-sLuccoate  mixtures  to  the  hydrosBSX  lea  coacoi- 

OetermlQatlon  of  Metal-:Rrot«la  PreclpltatiOQ 

Before  an  attempt  was  made  to  detexmine  hemolytic  1^  valiies,  a 
preliminary  test  was  run  to  determine  >diether  or  not  predpitatloa  oc- 
curred when  a  solution  of  ox^hmto^dbbx  was  added  to  a  solution  of  the 
gluconate.  One  per  cent  solutions  of  each  gluconate  were  separately 
flilxed  with  equal  portions  of  os^oooglobln  solutlm  prepared  by  laking 
washed  erythrocytes,  allowed  to  stand  in  a  water  bath  fcxr  forty-five 
minutes  at  yf,   centrlfUged,  and  observed  for  evidence  of  precipitation. 
During  the  course  of  a  h«aolytlc  run,  such  precipitation  would  eaiise 
the  colorlmetrlc  readings  to  be  prpporticnally  lover  than  those  which 
would  restilt  from  the  proportion  of  coQ^ieaoglobin  actually  rtleased 
from  the  laked  erythrocytes* 

.:   Additional  ei^terlmaats  were  carried  out  to  determine  whether  or 
not  serum  proteins  were  precipitated  by  the  gluconate  solutions*  Serum 
yma  separated  from  blood  cells  by  centrlfu^tlcn  and  added  In  Ilka 
portions  to  1  per  cent  solutions  of  each  gluconate.  'She  mixtures  were 
observed  repeatedly  for  forty-five  mlnutas  duriim  vMch  time  th«y  wei^ 

ta  «  mtar  bath  at  37°« 
■rr-r  During  each  determination  of  hemolytic  1  values,  the  gluconate- 

3  -  ' 


blood  mixtures  were  observed  for  evidence  of  precipitation. 
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.,    J,;  FreMlns  Potat  Dateitninatlooe 

!Zhe  afparatus  ii8«d  to  det^naine  tti#  frMglog  pc^&tS  Of  9«i>uti€Os 
of  various  salts  of  ep-ueoBle  aeid  mfl  tSuit  of  BiurtiL«f]f  (l^)  iw  ao^fied 
hy  Busa  aztd  Aaaans  (l).     3be  siodtLflcatloD  of  the  original  apsiaratus  was 
aexely  the  ellmlnatiacL  of  the  toy  aotoer  m^loyi  to  im  tfat  stirring 

At  ^Rpaxatus,  in  part,  consisted  of  a  vacuum  Demer  tiibe,  22  en. 
hle^  sad  6  cm.  inside  disaster,  held  upright  by  a  ring  sod  rlngstaiiA. 
Ihe  tube  vas  fitted  with  a  rubber  stqpper  having  a  large  hole  la  the 
center  end  three  dialler  holes  around  the  edge.     A  heavy  ^Lass  test  tube, 
about  20  cm.  Icxjg  snd  3  cm.  inside  disoteter  vas  fitted  Into  the  large 
hole  and  passed  dovm  into  the  Oevar  tube.     Setto  two  of  the  smaller  holes 
veire  fitted  copper  tubes,  one  twewinatABg  Just  belov  tbs  vsadsr  mmUnse 
of  the  Btoss^er.    Tba  other  copp«Rf  tf&e  x«a  to  the  botttCB  of  ^le  tmnet 
tube  ending  in  a  coll,  the  coll  being  perforated  with  a  series  of  Bmall 
holes*    Inside  the  test  tube  mm  a  seccnd  glass  tube  of  sll^tly  smaller 
diTaenaiePB  and  stgpported  by  a  ring  of  rubber  tubing  plaeed  between  the 
lips  of  the  two  tubes.     Ihere  ima  a  vezy  aoall  space  bstnaen  the  surfaces 
of  the  two  tubes.     An  ordinary  laboratory  thermoDieter  was  Inserted  Into 
the  fOurtii  hole  in  the  stc^Eiper  and  was  used  to  observe  the  temperature  of 
the  outer  bath  during  freeaing  point  determlnaticiis.    A  BeelOBaDn  dlf- 
ferentlel  theracmeter  vlth  a  platlmm  vlre  stirrer  looped  loosely  aroimd 
its  bulb  was  placed  in  the  Innertsost  tube  end  held  by  means  of  a  rubber 
stopper. 

Frlor  to  operating  the  apparatus,  the  colled  copper  tube  was  con- 
nected to  an  air  line  by  means  of  rubber  tubing.     Ihe  short  copper  tube 
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fitted  with  a  section  of  rubber  tubing  \*iich  terminated  out  of  doors, 
serving  as  the  eailt  for  vaporlstad  ether.  About  50  ml.  of  the  aolu* 
tloa  to  be  tested  vas  placed  in  the  Innemost  tube;  this  quantity  vas 
sufficient  to  cover  the  bulb  of  the  BoclODann  thernaaeter.  A  quantity  of 
ethyl  alcohol  vas  added  to  the  lalddLo  tube  until  Its  tbia  la;yor  rose  to 
a  level  ^uat  above  that  of  the  solutlcn  in  the  Inner  tube.  2h  the  Devar 
tutba  iMUi  •  liberal  mxpjply  of  ether.  Its  surface  aiiproxlDaately  level  with 
the  othm:  llijulds.  During  the  deteiralnatlons,  air  vas  jiassed  throu^  the 
ether  causing  It  to  evaporate  at  a  rate  controlled  by  the  Intensity  of 
a«aUoo,  the  vajporlaaUaa  of  ethttr  being  the  baala  for  the  cooling  pro* 

,  :  fhe  tengperature  of  the  ether  bath  was  lowered  to  spproxlmately 
*3P  before  ttert  IMl  «riAiaee  of  laoveoant  of  the  oesrcury  eolimn  in  the 
BMlMann  i^rooaeter.  3h  order  to  ftreeae  the  solvent  portion  of  the  test 
solution.  It  was  necessary  to  rwbiee  the  temperature  of  the  ether  bath  to 
about  viOP*    ?y  carefully  controlling  the  rate  of  aeration,  the  cooling 
process  was  performed  at  a  slow  steady  pace.  During  the  cooling  operation, 
«sush  san^e  was  stirred  vigorously  and  continuously  but  not  so  as  to 
strike  the  thermooeter  bulb  or  to  carry  warm  air  do«n  Into  the  ll^d^v 
When  the  solvent  began  to  freese  aaad  separate  from  the  solution,  the 
stirring  rate  was  Increased  said  maintained  until  a  stationary  ten^ezature 
was  reached.  Sigperoooling  occiirred  In  each  eaaej  i.e.,  the  temperature 
fell  below  the  freeslng  point  of  the  solution  then  roae   suddenly  to  a 
flxBd  point  and  remained  there  for  several  seconds  before  falling  once 
again.  The  teoiperature  of  this  e<iailibri\ai  point  was  recorded  aa  the 
freezing  point  of  the  solution. 
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Hve  hundred  milliliters  of  triple  distilled  ireter  were  u««d  in 
the  i^epaxtbtloQ  of  Mbdi  of  the  O.OS^  and  0.010  molal  solutiaas  to  be  ^> ;« 
tMted.     ISxe  fireeslng  points  of  ten  ^0  ml.  niyles  of  each  solution  vert 
deteziDlzted  end  recorded.     Ohe  point  on  the  scale  of  the  Beckmann  dtf- 
ferential  thenicmeter  \ibidt  repiresented  the  fireeslng  point  of  wA«r  wm 
obtcdned  traa  the  average  of  25  separate  detexminaticos.     Each  temperature 
wu  accinrately  read  to  O.Ql  of  a  di^p^ee  and  estimate  to  O.OQl  of  a 
degree.     Tbs  Eeclgaann  th«nMn«t«r  m$  fitted  ^Aiix  m  iitflifying  leas  to 
aid  the  operator.     !Ibe  freezing  point  dapressions  of  the  various  soluticns 
WKF«  ifym  ^%«mia»i  by  maetAy  mHotxmUa^  tfaft  ftr«<»ing  point  t«qpia«ture 
ttf  It^kst  fim  ^le  f^mmtfif  poi&t  tmpiitituife  of  eadb  solutlaa  tested. 

3be  freezing  point  data  obtained  vere  eogployed  in  the  calculations 
of  1  vvlnes  according  to  the  fozmtla    -  ' 


ATf     =    KfJM 


^^'^■^mL 


vhere  ^Tf  is  the  diange  in  the  ftreesing  point  of  v&ter  after  ihe  ad* 
diticQ  of  solute,  Kf  is  the  molal  freesing  point  constant  for  water  (1.86), 
1^  is  the  VMi't  Hoff  factor,  and  H  is  the  molality  of  the  soluticn* 

Sftta  of  the  various  hemolytic  and  ftreecing  point  detexiainatiaQs 
are  presented  in  the  follQwlag  tables*  ,      r  ^ 

I  ^  *  ■  .      t      ,  $■-  -f  . ,      ,      ,  : ,   ■  1  • . 
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TABLE  23 

PER  GEHT  HEMOLYSIS  OF  RABBIT  ERTEHROCXTES  IN  SOtflTIOHS  COlTEADniiQ 
0.2  VER  CERT  SODIUM  CHLORIDE  ASD  VARIOUS  (XOSfCBSeSRATlOStS  OF 

FomssuM  amcoEiAiE 

Per    Cent      flar  Ont  Coloriaeter  Iteadllngfl  finer  Cent  Heaaolysls 

PotassluB        Soditn  Blood  SLood  'Mood  Blood 

(RMcaomte      Chloride  awjipLa  7  awqple  6        SeaBsple  7  3enipl«  8 

0*00  0.^  ko6  365 

i^  363 

At.    "TJoT"        .       "Sar        .     100.5  100.0 

0.50  o.ao     v=.     U05  366 

tai  366 

"  ':  '"  Av.    TJoET  355"  iQi.o  100.6 

0.60  0.20     390      351 

Av.  Ifr  355      96.3       97.5 

0.  0.70      0.20       350        351 

0.80    o.ao     289      350 

2^       3M» 
Jar.  W*      35r      71.5       95.3 

0.90      0.20       169        298  "' 

175        302 
Ar.   172       300      ^.6       d^.^^ 


»,, .  T-  1  i--;  !- :  <  ;  I  »  I  w 


1.00    o.ao     I W     179 

21 


Av.   79        17b       19.6       kQ.k 
1.10     0.20        f        t) 


-g- 


Av.   5     "aT     1.2      6.0 


:lr. 


'i-.'t 


n 


TABtE  24 

eoKunsATTms  in  om-Aoo  ml.  or  sodium  cslobidb 

CAUSmG  23,  50,  AliD  75  BSR  GBR  inaf)T.YST3 
OF  RABBIT  SaOTHROCTEBS 


'  Per  Cent  Hoaolysis 


BLood  SaqpiLe  7 


BLood  ^ffi^e  3 


25 
50 
75 


0.i>59 
0.437 
0.U17 


§:. 


0.^3 
0.472 
0.460 


'  TABUE  25 

CCafCEHIKATIORS  IN  aM./lOO  ML.  GT  FOEASSIUM  OLUCORASS  CAUSIRa 
25,  50,  AHD  75  FER  CEHT  HBMDI23I3  Of  RAHIIT  KRYraROCTEES 
IH  7SE  FRESEHCE  OF  0.2  PER  G£3IT  30DHM  CHLCffilESS 


Fw  C«Qt  Henolyals 

25 
50 

75 


BLood  S«D^e  7 

0.973 
0.883 

0.780 


BLood  SeBVle  8 
1.05 
0.996 
0.928 


7^ 


r.  ?   :,-:   •  •  J 


■MM 


Per  Coat  Hemcaysls  BLood  Sonple  7  Ea.ood  Saqple  6 


25  1.98  2.01 

50  2.05  2.08 

75  2.07  g.08 

Avex««Mi  a.03  2.06 


;f^ 


■■'M 


■?■  1 


TABI£  26  i^     •  ' 

VAIZffiS  Of  1  PCS?  POTAI^ICM  GOJCOHAaE  AT  CCHfCHflRATIOaii 
CAUSIRG  25^50,  AHD  75  HE  CEHT  HEMOLYSIS  OF 

RABBIT  ERfDQfilOCni^  IN  OB  nOCanKS  QV ;^;;;if'i 

0.2  PER  CEBT  SODIUM  CBLOItlZB 


7$ 


mm  Gm  bsmdlysis  or  warns  •ERymmcYTEs  m  posassium  (Sixxmn 
aowmxa  of  vabious  cohcentratiohs 


«iHiMiii 


*WP    Cent  Colorlaetgr  Readto^  Ber  Ceaxt  HeooXyala 

Potassiua  BtLood  '          Htoba                        Blood                 ffl.ood 

Slttccctate  Saaaple  3i»  Socrple  35                 Stegle  3^»         Saagle  35 

0.80  kk9  klQ 

m*  "^^  ..^    "W"                      JM                99.6 

Al^  "5^  1^^                      95.9                89.5 

i,iO  ^8  31SS             '            '  •'■•■■ 

m*  "^uT  370*                     91.0       —      77.7  5 

1.20  316  315 

Air*  "W"  "W"                     71.2                66.8 

1.30  152  191 

lk6  19X 

m*  "W  \  m'               38.5            ko.x 

IM  57  75 

l»*  57  72                         12.5                 15.1 

1.50  11  12 


9SS>8SSS3mS 


u  ""IT*  2.4  2.5 


1.60  •  « 

0  0^ 


0  cr  0,0  0.0 


11/12  ■    V  •\.-v;;5^ 


wji; 


^rm^ 


T6 


•CABEE  28 

CCSCmSRATlOm  IN  O^./lOO  ML.  OF  SODIUM  CHLORIDE  AKD  POmSSUM  (HJJCOHAIB 

CADSIWO  25,  50,  -Ainj  75  PER  CEHT  HEM3EXSIS 

OF  HUMAS  EBinSROCTIES 


v/j 


Per    C«nt 

SoctlTsa  Chlorlda 
Ccnoentratloa 

(kneoitratlaQ 

Henolysls 

HLood, 
Saagple  35 

Blood 
Samsile  34 

BLood 
SBomple  35 

25 

0.398 

0.399 

1.33 

1.36 

50 

0.385 

0.380 

1.25 

1.87 

75 

0.372 

0.363 

1.19 

l.llf 

TABLE  29 

VALUES  OF  i  FOR  VCflASSWIA  (SJJCCmTB  AT  COSCEZriRATIOBS 
CAUSm}  2^,  50,  ASD  75  II»  CEtSeS  HEMOLXSIS  OF 
HUMW  EHXTBROCXISS 


•it,.- 


Per  Cent  Henolyvls 


BLood  Saaple  3"^ 


Blood  aeuaple  35 


m 
m 
n 

Averages 


2.23 
2.30 

2.29 


2.18 

2.25 
2.38 

2.27 


aesss 


77 


1XBSE  30 

RH  on  BEMOIiSTSIS  OF  RtS^AH  EBXDBIXnSB  IV  BOOSSJXSIS  CCRQUDRKI 
0.2  PER  CBTF  SODIUM  OILQRim  iOID  TARXOOS  CORaBraATZCRS  C7 


Per    Cent  7ev  C«it  Coloriiaeter  Readin^B  ^r  Cent  HoaolyBls 

Potasslira  Sodliaa  !BLood               Blood             ISiood               Blood 

CBLxicooate  CMorlde  SaagitLe  3^  ^■^aayle  37  Sacqple  3^        dan^e  37 

■     0*00          0.20  kgrj    ■:    ■  JMI'' ^  ."M ..,'.,«. ,•"^: 


Ar.    T96  .^ISST  100.0  100.0 


V  '  f    -J 


0.i»0  0.20  1^75  410 

467  4o6 

Ar.    "m  Toff  95*0  96.a 


0.50  0.20  471 

km 


kr.    "W"  "375"  94.6  88.4 


0«60  0.20  410  292 

404  278 

Av.    "WT  285"  82.1  67.2 


0.70 

0.20 

Ar. 

250 

0.80 

0.20 

Asr. 

105 

105 

0.90 

0.20 

Av. 

It 

17 
18 

1.00 

0.20 

Ar. 

• 

0 

0 

54.2  21.0 


20  21.2  %^ 


0 


jpi^r  iPHF 


0 


mmtmmmmmmmmmmmmmmmmtmmmmmmmmmmmmm 


T8 


cmcmmimms  w  (M./100  ml.  or  sqdiom  chlosrub 

CAUSING  25,   50,  AI©  75  PER  CSHT  Ha«3I5SIS 

OF  WMS  ERipsiKxnnss 


Fer  Cent  Eemolysls  Blood  Saagple  36  ELood  Saa®le  37 


^:^'•■il-v:;.^■■;: 

O.ltOA 

0.396 

■'.#  • 

'■■'m-  ■ 

0.iK>3 

f  > 

0.381 

If 

0.3» 

■.;  ■■•  ■ . 

0.368      . 

i 

wsm  32 

eoacsamiTiasa  st  m,/ioo  m>.  of  foshssium  oxxxxsass  causzmo 
89#  50,  AXD  75  nn  CEsrr  hemqxjcsxs  ev  vma  Eammrmti 

IS  TBE  mBSaSCE  OF  0.2  FEB  CEBT  SOQZUM  CmjXOm 


mmm 


Per  Cent  Hwolyals apod  SeBaq^ge  36 K,ood  Sample  37 

89  0*783  0.^ 

fi  .       0,708  0.637 

19  0.6S8  0.578 


•  %N 


-..i 


TABO  33 

VALUQS3  Of  1  F(»t  FCXEASSIl&f  (SWCOSUm  AT  COBCEHTRATIQaiS 
CAUSrab  25,  ^0,  AHD  75  PSR  CEIIT  HEMQiaSIS  OP 
IWWiXi'.iiUBS  237  !EHE  HUaMUi.  OF 
0.2  FBR  CEffiF  SODIUM  CBX/3B3JM 


masBaxmm 


79 


Per  C^it  Beoolysls  ELood  SaiapXe  3^  Blood  Sanqple  37 

S^  2.0l(  2.12 

$0  2.1il^  2.12 

tf  2.18  2.17 

Avtsragos  2*12  2.1^ 


iif, 


K, 


.'v'     ' 


"«J 


■^im 


m 


TABDE  ^ 

PER  (MPI  WSmU^IS  07  BABBIT  miBmXTSEQ  ZS  MMffBSIUM  WJCOmM 
SOEUncaiS  op  VAKIOUQ  COKCEinRATIOHS 


■■4 


causaoate 


Colojt-jLiaeter 

Blood 
Sample  9         awg^e  10 


1.00 


I..SQ 


1*75 


2.00 


2.25 


t*50 


Ar. 


mf* 


55 

sir 

•  •  • 

•  •  • 


193 

191 

192 

10l> 
100 

80 


327 


279 

273 

II  Willi  liiuMLii<i 


153 

161 

•NlpMPWMM|PM» 

157 


Bsr  Ceat  Bemolysls 

Blood      Blood 

SaopLe  9  Seaiple  XO 


100.6    .>-..    102.2  '.f  ■      "S^\ 


95.3 


52»9 


27.5 


20.9 


99.7 


86.0 


m,9 


12.8 


*».7 


'        .  i  ■■-■>  2 


't^Si 


01 


ooHcsansRATK^a  in  c»i./ioo  kc.  of  sQDziM  cHLc^EOce  AHD  imm^im  guicokasi 

cAJuaisG  25,  30,fiJS[D  75  ins  caoRP  SEMSLISni 

OF  mssm  memoctn^ 


Sodiiim  Cbloarlidt  H^pwtwa  Glvusonate 

jP**"    Ceot  Ckttcqtttratiott  eeaeaiitratlaa 

Hffloolysis  ^ELood  BLoodi  HLood  Blood 

Sooqple  9  Sample  10  Sas^e  9  SMBple  10 

'■II     I    II I  II  I mil —————a  11 I I i»— «—  — w«— <■— — »»<i 

#'  0.416  0.419  2.32     -  2.U 

iP  0.399  0.403  2.08  1.99 

1i  0.380  0.^  1.84  1.84 


'mm  36 

VAUBS  OF  1  FCSi  MAOIBSXtJM  OnK^OKAXE  AT  CC»QE3!!QRATZGIIS 
CAUSDW  25,  50,  MD  75  I®  CEHT  HEMOLYSIS  (S" 
RABBIT  ERIJTOROCYIES 


Par  Coat  Baaolyala  ELood  Sample  9  Blood  Saarple  10 
9                                                      2.37  fi.58 

50  2.6L  2.67 

Averageg  2*57  2.67 


as 


TABCE  37 
ISR  C3^T  EBMOLISIS  OF  IMSETS  BH:;!IHROCiri£S  IN  SOUUTZOISS  CGS!I!AINZ1R} 

0.2  PES  am  somm  cmmim  Mm  various  cotKaonsAXZCsis  of 

■.-■■■     MIflKBSIUM  GliX;03IA3l 


Fur    Coiit 
QLoeocate 

Pnr  Cent 

Sodltn 

CSilorlde 

1 

Colortmetar 
Blood 

Beadlo^ 
Blood 
Saoqple  12 

Per  Cont  HamoiysU 

Blood                Blood 

Saogple  U        Saoaple  12 

i 

0.000 

0.20 

Av. 

273 
272 

299 

297 

100.0             99.0 

-■     :^,>ij 

0,250 

0.20 

Av. 

276 

2T6 

27^ 

300 

297 

101.5               99.0 

:»'''i 

0.500 

0.20 

Av. 

265 

■m- 

296 

29^ 

'  •  •    •-" J.i» . . 

96.0           '  K93.7 

0.750 

0.20 

Av. 

217 
21? 

287 

273 

200 

79.4               93.4 

■  '    ■..-■ 

216 

0.9r5 

0.20 

Av. 

... 

... 

226 

;-:V:iM#»;      ,.,         75.3 

■      .■     -V 

x.ooo 

0,20 

Av. 

76 

1?8 
124 

I2S"" 

87.9                te.O 

■    )  . 

1.125 

0.20 

Ar. 

* « . 

-f - 

♦•*♦                29.0 

■    •   ' 

... 

1.850 

0.20 

Av. 

? 

■    1, 

7 

2.6                  2.3 

■  ■'['] 

7 

1.500 

0.20 

Ar. 

0 

0 
0 

0 

, W 

0.0                   0.0 

83 


CCKCEBTRATIOIfS  IS  (M./lOO  ML.  OP  SODIUM  CHLOiRIIE 

cAusiHo  25,  50,  m&t3tm  ckht  hemolysis 

OF  BASBI?  WiSSB^XrrSES 


Bar  Ceat  Hoaolysis  Blood  San^e  11  Blood  Sample  12 

f        »  0*430  f  0.»>50 

50  0.415  0.435 

T5  0.394  o.4ia 


TABIE  39 

OQHQOrERATIQRS  IN  C]M./lOO  !€..  OF  HAfHIESIUM  OZUCOKMS;  CAUS2MI 
10^  50,  MD  75  F3^  CKN7  HaPiaslS  OF  BABBIT  ERTZHROCYSBi 
IN  TBE  FigSSEIiCE  OF  0.2  FEB  CENT  SODIUM  CHLOHUS 


Bsr  C«it  Haaolysis 


HLood  SsBople  11 

£3.ooa  Sgffiqple  12 

1.03 

1#07 

o«dd9 

0.975 

V 

O.T75 

0.878 

"  % 


TtiSlE  kO 

VAIiJSS  OF  I  FOR  MACBlESIlAi  OUUCOI^IS  A3!  C(XKWn!BA!mm 
CtmiXS  25,  50,  AHD  T5  PES  CMT  HSOIXSIS  OF 
RABBIT  EmfUHROCmS  IH  3EB  ERESEircE  OF 
0.2  PER  CEETT  SODIUM  CHLDRCS 


Per  Cait  Baaolysla  aood  SaqEkLe  11  Blood  Sample  12 

■ '  -" "- ' '"■ ■ " I'll        I  ' '        I  ■  I  ■ 

•SI                                  2.96  -                         3.10 

10                                        3-19  3.19 

W                                           3'^  3.28 

3»15  3-19 


TflBlE  hi 

PER  CEHT  HEMOLYSIS  OP  HlflttN  EEYffiROCYTES  IH  WmSSHM  Q^^VrmhTS 
SOLUnORS  OF  VARIOUS  COWCHnSlATIfflfS 


Pnr  Cent 

Coloriajeter  Readings 
of  HLood  SaoaxLe 

Per  Cant  Hemolysl* 
of  Hlood  3&s&Le 

38 

39 

40 

3S 

39 
99.1 

\b  '■ 

0.50 

Ay. 

ko6 
U02 

Uk3 
kkl 

470 

470 

100. 3 

95.1 

0.75 

Av. 

394 
390 

k35 
^35 

458 

96.8 

97.3 

92.3 

1.00 

kr* 

307 

317 

y*o 

-#- 

78.7 

n«4 

77-7 

1.25 

Ay. 

192 

192 

2kk 
2i(0 
242 

233 
233 
233 

47.6 

54.1 

47.2 

1.50 

^* 

133 

129 
131 

160 
170 

150 

32.5 

36.9 

30.8 

1.75 

Av. 

65 

53 

72 

44 
46 

4^'" 

15.6 

16.6 

9.1 

2.00 

Anr. 

d 

0 

5 

t 

0.0 

i.l 

1.4 

2.25 

0 
0 

0 

* 

• 

Av. 

0 

0 

0 

0.0 

0.0 

0,0 

^.4- 


■,  t^ 


66 


CQKCEHTRATIONS  IN  GM./lOO  ML.  OF  SOCZIM  CSUmm  MD  MM8SESIUM  aJJUCOSAIS 

ciujsiiia  25,  30,  AND  75  's^  can  omsli^xs 

-    -.    OP  HUMAH  ERlOTROCrEES   .:..    , 


SodtVBB  dilariM 

COBMntratloa 

•nA  Blood  ScB^e 

MMpwiiaa  caLuccnata 
■bA  lOLood  Sanaple 

35 

^ 

ho 

3b               39              W 

.^ 

0.395 

0.393 

Q.kS^ 

1.55           1.63           1.51 

|i.. 

0.3S1 

0.380 

0.^ 

i.as        1.30        1.28 

ti 

0.370 

o.:^3 

0.381 

1.05        1.05        1.03 

■  i  -'?,' 


•SfiSSE  43 
VALUDSS  OF  i  FOR  MACSSDSSltM  (SLtJCQRASB  AT  (SMSBSSlKnOilS 

CAUsmi  25,  50,  Am75  vm  CBsa  manousxs  or 


Bsr  <^t  BemoLysis 

Blood  Saoiple  3& 

Blood  Saogple  39 

BLood  aan^Ie  kO 

25 

3.36 

3.18 

3.53 

50 

3.9s 

3.86 

U.03 

...    .       T5      ",. 

)^.6t» 

.      i>.56 

l».87 

Averages 

3.9T 

3.87 

k,lk 

87 


■>■>  :^ 


ISR  C3SHT  HEl^LXSIS  OP  HIBWH  EBXIKHOCYIIES  IS  SOUJTI0K3  CX)NTftIIlflNO 
0.2  PEJR  CEHT  SOmm  CHLORIEE  AHD  VAEIOOS  COTKJanKATIQSS  Of 

vumssum  (mxi08A!m 


Per    Ccait 

Per  Cent 

Sodltsa 
Chloride 

Colorimeter 
KLood 

Beftdlaai 

Pejt  Cent 
Blood 
Saaiple  4l 

Henolysis 

Blood 
Soog^  1*2 

0.000 

0.20 

Ar. 

1*82 

480 

IS 

100*0 

97.8 

0.375 

0.20 

Ar. 

^ 

w- 

m 

96.1 

97.8:/"' 

0.500 

0.20 

Wf6 
Mt2 

1*81 
*i79^ 

92-3 

0.625 

0.20 

A»r. 

389 
393       ' 

1*50 
IA7 

81.7 

90.1 

0.750 

0.20 

A». 

4^ 

362 

S&*7 

73«^ :  ■■ ,  ■. :  s 

0.875 

0.20 

^ 

2ia 

21*1 

lk,k 

1*8.6 

X,Q09 

0.20 

Ar. 

T 

5 

1.0 

15.3  '  :   '^A 

1.250 

0.20 

Ar. 

• 
0 
0 

4 

0.0 

0.8                   -• 

88 


CCWCEHTRATIOHS  DT  m./lOO  ML.  OF  SODIUM  CHLORIDE 
CAUSDR}  25,   50,  MD  75  PER  CHTT  HEMDi;r3IS 

OF  mmm  mfmtxrsss 


Per  C@at  Bentolysls  Blood  Saaaple  Ul  Blood  Semtple  42 

""  ■ ' "      ■    I   I     "I  ■iiiiiiiiiiiiiiii— iiiniii ■ Ill  I    II    I    I  III .iiiiiiiiii     II  II   II 

25  O.ii03  'ii: '■':■' 0*W[ 

50  0.3&0  0,kZf 

75         '  0*378  0,ko6     ■. 


tmt 


TABLE  k6 

CCSTCEHTRAJnCffS  IN  ffl4./lOO  ML  OP  MAORESUB!  GUJC(^A3E  CAUSISG 
23,  50,  AND  75  PER  cms  H^iOiaSlS  OF  HUMAN  ERnHIK)CXTES 
IN  THE  PKKdhMUii  (F  0.2  WR  CESiT  SODHJM  CEILOBIIS 


Vmt  Colt  SemolyslB  Blood  Sasqple  4l  Blood  Sai>q;ae  ^ 


25  0.819  0.950 

50  0.750  0.864 

75  0.669  0.750 


;'■'  •■■J 
'I  ■  ■■ ' 


.A     SfJ 


89 


-'^(Wf 


«EABE£  1*7 

vajju^  of  ifOR  mamsim  QwccmsE  at  coiiCEiiTRAiniQni 

CABSaff  2$,  50,  ASP  75  I®  CEHT  HEMOiaSIS  OP 
HUMAN  E8X9BnOGY!IES  M  SHE  PRESEilCE  OF 
0.2  fBR  CSeiRr  30BIOM  chlokqe; 


.'■■.■"'■I 


Per  Csmt  HesooLysls 


25 
50 

75 
AveraQss 


Blood  8&Bsple  kl 


3*26 
3.3T 


mood  SampOe  U2 


3.1*3 
3.1*6 

3.6e 

3.50 


>-: 


■  -riS^i 


■■>;;  tg 


•r3 


■    *?^ 


90 


PER  CEST  HiSMOIJSIS  OF  RAHBIT  ERMHROCYTES  M  CALCIUM  GEUCQHATE 

:  soiOTioiis  OF  ymmsB  cmcmrMmm 


Per    C^t 

Calcitsa 

ducGoate 


Cg.orla«ter  ReaOtags 
SLood  BQLood 


1.70 

i.do 

S.OO 
£.10 

s.ao 

8.50 
S.60 
2.80 


282 


Jlr, 


Ar. 


Ar. 


Ar. 


Ar* 


Aw. 


Ay* 


Av. 


276 
266 
271 

.222. 
259 

236 

236 
Z3b 

22h 
220 
222 

19'^ 
188 

191 
183 

wT 

xko 

IM? 

15^ 


102 

105 

63 


22^1^ 

a? 

ftl  ■inn 
185 


156 

154 
155 

1^ 


Per  Ceot  Haaolyale 
Blood  mood 


52 
i»4 

23 


0 

0 


9^.8 
88.6 
81^.6 

7T»i 

72.6 
62.4 

58.3 

3l>.3 

19.9 


100.0 


96.0 


ai.3 


^.2 


54.9 


1»0.6 


26.3 


£1.4 


12.1 


0.0 


K-^} 


^ 


(xaammAmm  m  cw./ioo  ml.  op  somm  chlokieb  and  calchm  oaxcmss 

CMJSHK}  25,  50,  AHD  75  ra»  CfflT  ffiMOIXSia 


fter    Cent 


Sodlvsa  Chlcori^ 
Copcentr&tton 
Blood 


Sample  13 
0.k66 
0.k25 
0.395 


Hlood 


0.378 


Calciu3  dttcooate 


13 


^♦73 
2.16 


e  ii^ 


2.43 
2.2t» 
2.06 


•EABIS  50 

VAKIBS  Cff-  i  FOR  CALCIUM  GI3DCONA3E  AT  COBCERIRATIOifS 
CAUSDR}  25,  50,  AHD  75  PER  CEWT  HEMWaSIS  OF 
RABBIT  ERraSROCTEES 


Per  Cesat  Hemolysda 

'■WWWIW— IK— »~-«.i»»- I  I   I II  nil  nil 

25 

•  i» 
If 


stood  Smagle  I3 


e.4i 


HLood  Satqple  Ik 
2.31 
2.1*2 
2.51 
2.41 


■,  ( 


5. 
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1IH£  51 
WER  CSm  H^fOLSSIS  Of  RABBIT  SRHSBOCrGSS  IS  SOZIJTIOSS  COKmnmiQ 

0.2  FEE  cEirr  sQimiM  esamm  nm  vabious  coecEimiAaaKKS  of 


fme    Cmt     Per  Cent   Colorimeter  Beadinga 

Calcium    SodiuB      of  Blood  SmsHe 
Glucaoate   Chloride   15      16      17 


0-00 


0.70 


O.dO 


0.90 


1.00 


i,m 


x,ko 


1.60 


0.20    300 

302 

As-.  301 

0.20    ••« 

» . » 

0.20    299 

309 

Av.  30* 


0.20 


•  »  • 


Av.  ... 

0.20    2ia 

0.20    12? 

121 

Av.  123 

0.20       a 

Av.  50 

0.20     20 

2» 

Av.  22 


388 


^ 


280 


U9 


ta 


Ik 
Ik 


251* 

•#- 

220 
22^» 

210 

211 

160 
160 

120 

-nr 

23 

2 


0 

0 


Bsr  C«at  Heaolysls 


100.3      iOO.2      100.0 


** 


,.        88.0       87.% 


ioa..4  71.7  83.1 

•  •  •  »  •!»#.♦  v3«0 

79.3  29.6  ke.i 

kl.O  10.%  lO.g 

19»3  3.6  0.8 

7-3  2.6  0.0 


"''/:^M 


i* 


■•■a 


'«■■■< 
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Ttam  52 

COBCEinRATIOHS  HI  m,/X<X>  ML.  OO?  SOMUJ-I  cHLoioae 
CAUSISO  25,  50,  AHD  75  PER  CEHT  HEMOISSIS 

OF  RA:QEtrF  EHX'iauHxnciss 


gtr  Ceat  Heanolysis      Blood  SeBJgile  15      Blood  Saajae  16  Elood  Saaaple  17 
■  :■      85               '■':'■'  ■■  ■  0.1*73     '     - ■  •  '-'■      0.^8       W"^  ■  0.1*28 

50  O.I>50  0.399  0.1*iO 

■  i' .  '  '.  ' 

75  0.427  0.382  0.39»f 


SJABES  53 

ccHciawiHAsioirs  in  cm./ioo  m^  m  calcium  (saxymaz  caxjsibq 

25,  50,  ABD  75  CTB  CEHT  OSMQCSSIS  OF  RABBIT  ERWHROCraBB 
IB  IBE  FRESOK^S  OF  0.2  FES  OESIT  SODIUM  (SSUmm     . 


25 

i.38 

1.03 

1.09 

50 

1.16 

0.905 

0.990  • 

75 

1.02 

0.785 

0.050 

^ 


■  -.-«rr 


VALUES  OF  i  FOR  CAWVM  mxmAn  AS  QosmmmtKB 

CAUSIIW"*25,  30,  MB  7^  FEB.  CERT  HBCtSSIS  (# 
BABBIT  EHjaHROCTEBS  Bf  OHE  fRB^JJCE  OF 
.      0.2  not  CBKF  SCUBM  CHXORIHB     •   . . 


■',■'■  -':■ 


Bsr  C«at  BeBQlyBls      Blood  Seaaj^  I^      Blood  Soi^e  l6      Blood  Ses^e  17 


75 
Av«rB@es 


a.96 
2.95 


2.95 

3.01 

JOS. 

3.05 


2.87 

2.9X 

.Ml 
2.97 


■dilllHii 


ri.-^.p 


m 


PER  CBHT  BEM3r;XSIS  OP  HOMftN  EKX3JffiOCn!BS  IS  CALCEM  (BiXXmSS 

sovmms  of  vakious  cmsmsAnami 


I   ■  n  »  I  iii'«i»«««»«ir>ii«i»<»<yl|p«<yi)tiyi|ppp»^^ 


^^    ^^^^  CoXoriMftter  BeaaUaaa  Iter  Cent  HeadLyglg 

Calclia  hlood  Moot    '  gtooA    ^  ^Blood 

X.5O      :.  443      ••■■.;      4GQ      V,;  ;  V    .         -^H-^-r  v-r/v;.;;,^/.  , 

l.fio  4^'"'-  ;.  '      372   '5':  ''rfv-^;  ■^- 

425 


3MS&  400  380     ■' 


i.ao 

396 
324 

3^' 

r.i     31a  : 

:.■:  m.3    ■     ■ 

70.2 
a.4 

280 

70.8 

1.90 

liff 

300 
300 

2^ 
23^ 

&^*0 

52.1 

■  .-.1 

2.00 

ilP» 

238 

284 
231 

148 
l4o 

m"  - 

49.3 

31.8 

"•':'  '•' 

t«xo 

Ar. 

lai 

103 

^.4 

22.T 

e*fio 

Ar* 

100 

104   * 

T^ 

21,8 

14.1 

t.30 

Ar. 

56 

17 

U{«0 

«.9 

e.4o 

A(r. 

30   ' 

0 
0 

6.0 

0.0 

■, .  ''  '  ."'Si. 

i^:- 

■.'*:* 
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mmummass  is  gm./ioo  ml.  of  amxm  csiamiR  asd  cmjim  osaxosum 

GMJsim  25,  ^0,  moT^mn  ma  muBTry^xs 

(^  WMm  mmmoonm 


Sodiim  C3iLorid0 

Coacentratlcaa 
Blood 


ii 


Bloocl 


Calcium  aiuccnsfeti 

ConcGnty&tioo 
HLood 


Bloocl 
Ssenle  43      Sanmle  44 


9^^ 

n 


0.408  o.3&r 

0.3?5  0.37S 

9«l9l  0.3^ 


S.00 


1.90 
x.6d 


55ftBI«i!  5T 

VAXfiBSS  or  i  FOB  CKLCIDM  Gmxmm  AT  CQNCEEnSATI(»3S 
"•"•""^  25,  50,  AKD  75  MR  CEHT  HEMOEXSIS  OP 


Ifve  Coat  QerBQlyBis 


Ba.ood  Saass^tt  43 

HLood  aaQiU  44 

,,     fi.56 

e.^ 

8»?l 

£.73 

,  ?,'?2  . 

?•?» 

25 

50 

T5 


a.73 


fi.74 


'j^fM.  •        >  ■?..■;■■;  •  ■        ''-f-^. 


!EAHJS  58 

m  CflMf  Hataarsis  or  BOinr  EmEEHEocnsEs  m  aaamms  ccmMsiSQ 

0.2  PER  CEST  SODIUM  CHLGKHE  AI®  VJffilOOS  CCaCME&ASSOIS  OST 


Pear    Cent 

Per  Cent 
Sodlxtt 

Colorli3cter  HeadlOflB 

Pear  Cent  Heaolcirsls 

Cialciitm 
OLueaaate 

KLood 

Satssple  U6 

Blood 

99.8 

amrple  46 

0.00 

0.20 

kir. 

1*55 

99.4 

OM 

o.ao 

Av. 

... 

« •  • 

^32 

4ft0 

"1^ 

95.i* 

0.50 

o»io 

Jor* 

i»09 
4o7 

il20 

99.5 

93.0 

0.80 

0.20 

Av. 

336 

# 

73.*i 

80.1 

^»0P 

0.20 

Mr, 

"lar 

23s 

39.8 

50a 

X*iO 

o.ao 

Set. 

... 

•  •  * 

150 

156 

»**« 

33.5 

l.SO 

o.ao 

Aar. 

33 

4. 

7.5 

i4.a 

a.M> 

O.fl0 

Ar. 

2 

^ 

^ 

0'^ 

,      m 

1.60 

0.20 

Ar. 

i 
0 

r 

_4. 

0.0 

c(m:EmiBATims  is  m,/xoo  ml.  c^  saatm  csaumim 
amxm  25,  50,  asd  75  hs  chbt  Haaoiasis 
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Ber  Cent  WeaaHyaia 


m 
75 


BLood  Saaasple  k3 


0.390 

0.377 
0.368 


Stood  Sataiae  li6 


0.403 

0.399 
0.376 


9»£»  60 

«y,  30,  am  75  »r  aan»  wmsssBiB  ^  human  ehitoroctxes 

m  IHB  PRESESCE  OP  0.2  PER  GEBTT  SODIUM  CSSLOKTIE 


Ber  C^t  Basiolysis 

iii» .1.1 1 

25 
50 

75 


Bdood  SanQ^Ie  45 
1.07 
0.951 
0.787 


BLood  Sainple  46 
1.17 
0.999    ^ 

o.d4s 


iiwiwrwiii' 


mmmmm 


'•■ .  .'J 


--jffvr? 
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YAHffiS  OF  1  FOR  CALCIUM  GLUGCIIA3S  AT  COHWHSttTICWS 
CMJSIW  25,  50,/aJI)  75  lES  CaR  BMOIXSia  OP 
HUKAN  ERrEHSOClSIES  IN  1HE  PRESaiCE  Oi" 
0.2  3PER  CES5P  SOOIUM  CHLORIDE 


& 


^^^-v' 

Per  C«it  HaBKxLysls 

Blood  Sample 

^5 

BLood  angle  k6 

25 

}•                  2^3 

2.39 

50 

8*55 

e.58 

75 

2^-^„„ 

2.86 

Averages 

i.63 

a.6i 

i 

'-1 


100 


.'■''-A: 


iSR  Csm  HE30LXBIS  CF  RABBIT  ERTmBOCrOSS  XH  MMnU!i^E(lX)  aXAX:(»I/lTS 


Per  Cent  AvexagQ  KecurLogs  Ntttus 


Manganesedl)  Colorlaeter  li»<iancn  of  Maagaaea«(ll)  Ber    Cent 

GLttcoiate             Reading?  ttmeoaate  Blwaka  Hemo3.ysia 

i,ao                     ^  3»>9 

*r.         55    ^  '^^  '  ■■  ■     IST"                                 99.7 


»* 


3.00  as 

26 


Zi 


2.XO                   300  t9d 

296  »  U 

Av.      295r  "wr                      83.9 

2.20  £69  '    iii 

265  >  15 

ihp*      ^^  IgS^ 

1»3  rl5 

AT*        15?  T^ 

2.60                       50  50 

50      -  •  -  17 


2'do  i^  % 

iv#       31  13 


73.1 


v>^ 


38.6 


t'-^^ 

:^!^ 


1.90  327 

327  ,  

*»•  327  |»9  93.3 

2.00  -  ■    . .      312  - .  . :  ■  -  Hi  .  -  -  ,  -^;3 


■^^m; 

M 

"i-'.    ■■,",! 

i#  ' 

■     -'    'r'l 
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fm  ^sm  wmwtmis  of  rabbit  rnmrnxrcsss  m  Miiii«BSB(zz)  auxxmas 

SOIHnoWS  (W  VARIOIB  COBCHITBAKCBS 


9'Hmmmmmmm^'mmmmmmmmmmmmmmmmmmmmmmmmmmmn mmmmmmmmmmmmmmmmmmm'll»»mmmmmmm 


V&c  Cent 

Colortnttter 
RMdiagB 

Aveiziwb^e  Haa^lngs  Minus 

Btedins3  of  MmgBziedeClX) 

Gluccamte  BLaoks 

Per    Cent 
Bemolysis 

91.5 '^;      i'cW-v 

1*3q 

Ar« 

31*6 

3^2 

1.90 

Jnr* 

3» 

320 

%r 

85.t      '^'^  ■  ^^' 

2.00 

Ar. 

241 

6S.6 

2.10 

Ar. 

220 
218 

m9* 

219 

5T'l     , 

£.20 

isr* 

151  . 

151 

*16 

36.9  T 

2M 

Ar« 

78     i 

4 

15.6 

2.60 

AT* 

33 

33 

!•• 

2.80 

l»# 

21 
21 
21 

A 

3.00 

J^« 

26 

t.i    ^^^^'' 

:.''./S' 

...•in 

1V 


•f  ^^- 


mt 


JS  GM./100  ML.  OF  SODIUM  CSLOBJiBB 

MiunAiBaE(n)  mxmxm  a>mma  25,  50,  aud  73  bsr 


'^1 


Hn*   OiKflb 


-  Bodlum  Chlarlde 

IfiEiood 


Saiqgile  18 


ood 

mmmmSSSmmmiiimm 


0, 


MasoiptMseCZI)  GLucoQ&te 
Goocejtttafatlott 
Blood  HLood ' 

Qanale  l3         Sangxle  1^ 


2.30 
2.1^ 
1*98 


'->>y 


TAXUSS  OF  1  fee  IMNMlSiMZl)  (HZICQmn  AS^mniASKSS 

BABBIT  isofxsiKxrnss 


'".ii 


Per  Cent  Hoaoljreis 


Blood  Sample  iS 


Blood  Saiqple  19 


25 
50 

75 


2.55 

uJStUSBm 

2.5^ 


2.50 
2.5^ 

2.56 


■r.    '.;,, 


■^>i.'»^ 
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wsm66 
jgB  am wBmammm maaig mmmcrms  ar  ammam  ccmaxmi 

0.S  m  OHV  8603X11  CaUSOm  Mi  VASSOOB  C<»JCES!]!RA!O!0llS  OP 


MMMiilMi 


OX  '"V:.: 


Per    Cent       Bar  Cent 


ijiiiiniiiil  iTiiiihafS 


20 


ManpnaaeCZX}      SodU^m     Coloeta»t«r    fimdiaeB  NnicpaeseCzi)      P«tr    Cent 
maoooittt       QOortUle       ae>aa«t         qiucqpat«  aLaalcs 

O«00  0.20  3^3 


0.80 


1«00 


i.io 


J^fiC) 


i.i»o 


l.So 


i.8o 


2.00 


339 
0.20  S5Q 

0.20 

Air* 
0.20 

Jbr. 

0.20 


0.20 


Ar* 


0*20 


0.20 


Asr 


45 
.     ""IT* 

H 


... 

» ... 
••* 

356 

305 

294 
»  9 
W" 

263 

Iff" 

231 

222 

108 

5i^ 

25 

«  16 

9 


99.7 
IQI.5 

89*2 

64.9 

Sd.4 

12.3 

g.6 


■  ^  '■:' 


-■:,#• 


vm  cms  HEMOLYSIS  of  eahbtp  eehhrocotes  w  soumms  amsfomm 

0.£  im  €9Hf  SODHBI  CHLOSHE  AHD  VAEIOUS  CQHCESSQRAIIORS  GP 


•    ■  -  -■•'    

;.'•;:.;        ■  ;;■!,_  j 

Bkt    Cesat 

Psr  Ceat 

Sodiuci      Colcjsrtaeter 
Chloride        itoidiogp 

Bti^diags  NKI0Miisse(IX) 

Per  Cent 
Benol^siB 

0.00 

o.ao           368 

360 

Jr.   ^T 

*  •  '* 
... 

0.80 

0.20              jBt 

3ai 

37i 

•*"'■'■ 

0.20           in 

302 

1.10 

0,20               gl 

256 
^3 

66.k   ; 

1.20 

o*so       m 

206 

.•    ' . 

Av.      256 

..      ^ 

50.3 

l.llO 

0.20       m 

1^ 

158 

37.2 

1.60 

0.20              4t 

63      ■^-  - 

..      11.2  . 

x.m 

0.20                M 
Af.       37 

37 

2.00 

0.20                  H 
Av.        32 

^ 

2.2             ■'  '-^'(i 

^•■^ 


3.05 


TABEE  68 

ccacEHTRAnca©  HI  (m,/ioo  m,  of  sqmsm  chixjrihi 

CAUSING  25,  50,  A1B>  75  HE  CSOV  HB«)];^IS 
OP  EASBIT  ER3nBROCnS3  .^v. ; 


Bar  Gqat  Haaoljrals  Blood  SeB®LLe  20  Klood  3oBisa«  a 


*5  0*^35  o,ikA 

15  O.tolfr  0.368 


jwi-'-  aul !'i'jt'i''M 


GmmssiAsamB  m  ca-L/ioo  ml.  op  i«^iQyuD^(xi)  Gswcmss  Cimsno 
S5,  ?o,  AKD  75  not  cem  ismmmm  or  babbit  ERvmsoc^ssss 

IH  OHE  PHESESCE  OF  0.2  ISS  CE8T  SODIUM  CEIfiRIEag 


■■itifeiijjjmJt'itiii'  I'J  "iiiMi 


333 


Ber  Cart  Hemolysla  glooa  aaqgac  20  SUod  Seaffle  a 

9^  tM  1.20 

1^  i.lf  X,Qk 


m 


!CABlfi  70 


VAK®S  OP  i  FOE  MA»QA1IESE(II)  GUTCOHAJE  A3?  CmsmSBNSlQm 
CAUSlSia  25,  50,  AHD  75  EE31  CESf  HEM3tXSlS  Of 

BABBIT  EKSTKRocTrass  m  THE  iroaaKaB  cr 

0.2  HER  (smt  ismsm  ammm 


Wt'- 


......it 


■•,:';,? 


Per  Cent  Hedolysls 


50 

75 

Averasss 


BLood  San|pa«  20 


mmSmmwuMEmi 


Blood  Son^e  21 


2.05 
2.17 

Z,X1 


^v;i 


lOT 


1^  cms  wsmm^m  c^  humbt  mcmBocmss  is  mmmsBin)  mix^sm^ 
scmsiom  OP  rxmym  c(mcEm!Rfmam      ' 


'■'kM 


IiSmIxi)      c 

" 

axood  SoffiDla  Vr... 

kOjorimiistT 

Bmmxim  of  MmguaeaedX} 

Ber    Cerit 

Ar^ 

*67 

1.80 

Ar. 

m 

m 
3^ 

83.5 

^■^''■'^■■'5 

'  mM 

2.00 

i«5 

^.    ■     .■■    -    8       . 

37*5        ^ 

2»ao 

kk 

6,3 

?.' 

t 

23 

1.9 

■       ' 

A7. 

4 

S3 

i»5 

*-; 

2.80 

-tor. 

It 

id 

2 

o.i^ 

■■  ( 
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PER  CEST  Ba«3z;^Bis  OF  mMM  ERTsmocYiBs  iH  wmmissiiii)  Qiwomum 
soajTicm  OF  VARIOUS  ccmmj!BA!Psm 


Blood  Sanmle  48 

H»    Ctent 

llBi0nesc(n] 

(ELucooate 

1        CoGUxriiaeter 
Beadings 

nmmxm  ot  iiiwipmse(ii) 

Per    Cent 
leoolyslB 

JUd» 

•    0 

""581 ' 

ilr.         tsf'* 

100.4 

l.TO 

l^69 

-    0 

97.5 

i.ao 

kr,       "W* 

412 
•    0 

U12 

9$,1 

1.90 

269 

265 

267 

55.3 

2.00 

168 

16? 
•    1 
155" 

3^.5 

d.3jd 

Ay.             96 

90 
-  1 

18.5 

2.ao 

■"2S 

Hi 

2*to 

12 

Af,             12 

12 

-    6 

i.i 

■"■■  '.'-.  ■« 
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j#ftefj;.'^=' 


-?*?:?'m^'4;i". 


fSfiBIE  73 

mnmsamms  m  om./ioo  ml*  of  soqzqm  maum  mo 

CE9T  HE^DI^XS  OF  WMS  EBYTEStOCXSHI 


SttECS?^ 


OF  1  FOB  MOttaaMisCn)  Qwocesum  at 

CAU^aO  2$,  5O4  ABP  75  1^  CBTT  HEMOLIESIS  CF 


;ais 


mmmm 


fer  Ceat  Seoo^Lyalji 


BLood  Sample  ^7 


B3Lood  SaBspIe  l(d 


AveXBQQS 


2*70 

a«7i 


2.70 

2.69 


'.i.-i 


fiw    Cent 


0 


6aoceatxq.tlOR        , " 


0.38t» 
0.372 
0.36t^ 


0.380 
0.3^ 
0.^ 


, *(II)  SLucoaate 

Cycwotgatdgo 
stood  ELood 

U7  Saagyta  ^ 


2«Q9 

1.85 


fi.05 
X»9^ 
1.8I^ 


( 


:  ^:"r?| 
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lER  CEOT  HSiDiatSIS  OF  WMKS  WXTBBCCYTES  IS  SOIUTICHS  COHTAIHDIO 

0.2  3PER  OTW?  SODHaJ  CHLOUIH:  MD  VAEKXB  C0WCEHTnA!PICK8  OF  .   '  ■; 


■( 


Blood  9ampl«  j^ 


Cent        Per  Cent                            Av-e7«8«  leadings  yUn-aa 
UmepoGseiH)      Sodiutn      Colorimeter    Rwnrtlngi  MHi0n«B«(ZX)      Per    Cent 
CELucooate        Chloride        Readings gliicopaite  Bajcnks Haaqlysia^ 


0.00 


0.50  0.20  lfl%  1»75 

-    0 


0.60  0.20  ke&  k56 

m        0 


1.00  0.20  308  300 

-     0 


0.20 

kir. 

0.20 

kr. 

^75 

0.20 

Msr, 

^60 

1»52 

0.20 

Av. 

136 
3» 

0.20 

Av. 

...20.. 

92 

0.20 

Ay. 

86 

0.20 

Ar. 

1^ 

•X6 

0.20 

Av, 

-1- 

100.6 


T^T"  99.7 


300  6Jf.9 


1.20  0.20  9*  92 

iM  0.20  96  zr 


19.3 


23  fit 


1.60  0.20  Hi  16 

zJJL 
9 

1.80  0.20  U  9 


$S 


0*0 


-■*•!** 


.>.-"••</ 


•  ■  ~  ...  f^ 


•i:^ 


m 


WBSB  7^ 


0.00  0.20  Hi  U80 

-     0 


t-.r 


Av.     TtScT  TSo"   ^  99«d 


0.50  0.20  Hf  Udif 

i*ai  -  0 


I'^i' 


Ar.    Tisr'  'wr  ?•  100.6 


0.80  0.20  HI  3^ 

*     0 


Ar.      "^r  "^JT  81.9 


0.90  0.20  M  328 

-     0 


Av.     "W  "W"  68.a 


X.OO  0.20  M  2^ 

-    0 


Av.      afe  "SSF"  ,  50.3 


1. 10  0.20  w  130 

138  -    0 


Ar.     130  130  ar.d 

1.20  0.20  m  MS 


^Tji- 


kr.  43  ^J5  9.i^ 


1.30        0.20  m  ^^ 

Ar.  12  T  t»€ 


l.iK)  0.20  IS"  f 


Ar.  5  1  0,2 


.'.•i 


•,<• 


BSB  CaSffF  HSKOSIS  OF  HUMAN  £R£!HR0CYQ:S  IN  SOLUnOHS  CQKZiaHIIR}  -  ^|^ 

0.2  HER  CHIT  SODIUM  CHLORIEE  AND  VARIOUS  COCTCIiKTRATIQBS  Of  '       V 

MA!iaAHESE(ll)  GKUJCOlAaS 


SLood  Sample  50 
Per    C«at       ter  C«it  Average  Steadings  mzius      fSc    Cent 

Mi9mese(II)      Sodium      Colorlnbeter    Beadlngs  MangEaiese(Il)      Histolysis 
SLxtcoaate        Chloride        BuodingB  Glucoa»t«  ^JO0k» 


^V-^ 

ic  :  --i-. 


•  •■''"•ft* 


h   ?'-.''i 


■  » 


■^• 


k..  ,::J 


m 


«ABI£  Tf 

COBS  IN  m,/WO  ML.  (^  SODIUH  CHXaOIS 
CmSim  25,  50,  AKD  75  fSR  CSHT  EEM0i;X3I3 

.-  ^  ;     OP  mmm  mrsmocYSEs  .....  . 


fer  Cent  Henolysl*  '      ••'---!•    "  ja,oo4  Sangple  49  Blood  Saa^ple  50 


50  ■'.-■■-^■-       --  'y^  ■  0,372  ■    •  ^  ■...■;i,^;  ..    0.369 

t5  0.36l>  0.354 


ssrsasESSSB 


!SABtE  78 
COiOSraSUlTIQlfS  IH  (M./lOO  ML.  OF  »AliGAIiBSE(ll)  aLUC{»IA3S  CAlBHia 

25,  50,  iaiD  75  gER  caff  aaioxjsis  of  human  ininHROcrEEs 

IN  IBE  PRESEBCJil  OF  0.2  ffSR  C3SST  SODIUM  CHLQEHS 


Bbt  <ksa%  Bomolysls  .  HLood  Bem^fiA  k9  HLood  Sample  50 


25  1.X6  1.U 

fl  X*0ll  1.00 

75  0.970  0.860 


^1^: 


%■■■ ,  .-      ^&i^ 


*: 


'Sif:<m 


VAUJBS  OF  1  FOB  MA!!IGAIiESE(ll)  C^UICQIIAXE  AT  CQNCENTRATIQIIS 
CUMsm  25,  go,  AHD  75  PER  CEIW!  HEMOLYSIS  OP 

BQMMi  mnsBo^nes  in  ihe  ji'WMWi,i!i*i  of 

0.2  JER  CEBtt  aSKOM  CHLGRXEB 


fmt  Cent  Benol^it  BLood  Seaaple  49  Blood  Sao^e  50 

^  a.25  2«|0 

8.33  e*^ 
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«ABIB  80 

JRgB  CERT  HEi«)LY3ZS  (SB  BABBIT  ESTIEROCTISS  IH  WMiXL)  OUICQIIAn 
SOLOnOHS  OF  VAPJCRIS  COROBBTOftlEJOilS 


^    „  B^.004  Sanple  ^ 

Xrcai(ZX)  GolArtaeter         Beadlagv  ot  Xrai(n)                  Fer    Cent 

Qlucqttate  Wtifllnim                (Evtpooatt  BUnlts                   Beaolygia 

2.50  406                             398 


3»»> 

kt. 

ia9 

3.10 

■    Jt«.     , 

429 

l*.00 

'   lsr« 

435 

*>.^ 

«r# 

430 
4^ 

4.60 

Ar« 

437 
1j45 

4.80 

Ar. 

426 
4e6 

5.00 

ikr« 

385 

5.50 

Afr. 

266 

*»»'•-■'  -.  ,''1P'"".  ■  ■  V'.  .■^.. -^Hr     ;.^^, ;:;:■■''■;•:•:■■  92.1 


330        ^^  90.2 

4a6  ../.^V.^:..:.. 


^» 


-112 


38t 


mi 
-165 


t    1  .V     1    i-  :    «    J   y 


^*1 


89.6 


^•6 

312  3^.4 

426 

"W"  79. 3 


64.2 


96>*% ' 


■>'•-;)■,  -.   ■  ,    -      ,     .        -^,^-5 
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Wm  mi^  SEIOI^IS  OF  BAHBXT  EimHBOCriSS  IN  IBGH(n}  (SJXXISA3& 
80IOTIOWS  OF  VAEI003  COIfCEIfi!RATiaW 


SS^I^  Sample 

23 

Ber    Cent 
Iroodi) 
'-         CB-uccxtato 

Ctolorlmettr 

Average  Beedlngi 
BMiAlai*  ^  Ir< 

5  Minna 

BanotlyttU 
90.6 

2.50 

kr. 

# 

387 

3.50 

Ar. 

U13 

88.3 

3.70 

Ar« 

iH4 

■TOT 

^17 

' 

85.x 

4.00 

ser. 

1»21 

•12t» 
29^ 

ek,9 

• ' 

k»m 

Air. 

kQ2 

TJoT 

«« 

^W" 

76.2 

kM 

Ar. 

370 

370 
233 

66.$ 

k.m 

M 

S9» 

svr 

^•3 

4.80         516 

si        

ibr.     ^^  155"  kk.7 

?.Q0  26s  1^ 

266  -15 

Ar.     ^r^ 

5.50  836 

232 
Ar.     "25* 


31.6 

"  ■  '-''J 

i5.a 

fe 


1X6 


Wt9    Cflft^ 


m 

19 


0.^ 


ZraB(n)  CQrUaaoKto 


5.53 


5.15 


ensxn  S5»  50,  Am)  75  i«R  ent  nMoutsis  or 


Attr  Cent  TfriMftlyilt 

mood  SmK9L«  2S 

^W**"^^^^^    ^^BiWB|W>MP     4&^l 

£5 

i.ar 

iar 

m 

i.st 

i.a$ 

n 

1.36 

mMRNIiSM 

1.31 

i.ft3 
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nsK  caiT  fflswQtisis  or  babbit  ekhhrocytes  m  solutzohts  cuHmjuiiim 

0.2  lER  CEHT  SODIUM  CSWSOm  AND  VAKIOUS  COtTCfEHIEAIIO!^  OP 

IBQR(n)  OUICCllIASSS 


HMMi 


Blood  Sarele  8^ 

fer    Cent      Per  Cent  Average  BeacUnip  ^tlzms 

Iraa(II)  Sodlian        Coloplmarter      Beadtngs  of  Ircn(ll)  Per    Cent 

Ga.uconate      Chloride  BwiatoaB  (Ettecnate  Blanto  gcaqlysls 

0^  0.20  337 

Jhr.       »r        ■■-.';■■         •••         ,vV  ,  100.2 

0.50^  0.20       '      -     ii^       ^  262 

.1.    ■  260  -    0        .„K.-'^ 

.  Mr$    ISF   .  ^a*     ,;V;..  ,.,   78.9 

l.O)  0.20  i|7  275 

J33l  *P 

1.50         0.20  M  sito 

.      zJ3. 


1.79         0.20  tfie  238 


Av. 

875 

0*20 

Av. 

-1- 

0.20 

«r« 

0.20 

M* 

0.20 

Av. 

3S 

301 

0.20 

Av. 

"W* 

0.20 

13P 

223  67.2 


SDT  6U.5 


2.00         0.20  in  271 


9l2  71.^ 


2.50  0.20  m  301 

253 

3.00  0.20  m  Si»6 

197 

1^.00       0.20        m^  132 

Av.       132 

5.00  0.20  13 

Av. 


»  •  Preclpltaticn  was  observed  In  tubes  of  this  concentraticn. 


•;'^J 


h 


79.3 

-        ■-••    ^-  j  ;-   , 

59.1* 

19.9 

::^i 

12.3 

■  »:Sd 

na 


PER  cms  fisioi.Ysis  or  fuasrs  wmmcrmB  m  mumtm  tammsm 


Vpi 

e  rsK  ixsf 

£  aoa. 

»S  OP 

Per  Cfent      "* 
SodbLurn        Cc 
Cataoride 

KLood  SaoDle  25 

Per    Ceat 

Ircndl) 

Glucooate 

xLorlae-ter 
BecuUnge 

AveragB  Readings  Minna 

Itoadlags  of  Iratt(ll) 

Gluconate  Blanks 

Per    Cait 
Hemolysis 

100.9 

0.00 

0.20 

Av. 

330 
332 

•  •• 

.  • . 

1.50 

0.20 

Av. 

178 

180 

1T9 

179 

if- 

Ii7.^ 

1.75 

0.20 

kr. 

178 
178 

178 

i5iv 

k6.9 

2.00 

0.20 

Ar« 

171 
169 

169 

kl,k 

2*25 

0*20 

Air. 

19^ 
193 

193 

* 

k6.9 

t      - 
J 

2.50 

0,20 

Hf* 

218 
221 

221 
•  iiO 

mr 

55.1 

■    '  -  -  J 1 

-  f  .  '  ,"■    J 

2.75 

0.20 

Ar. 

^ 

2itd 

201 

61.2 

3.00 

0.20 

Jir» 

225 
229 

227 

53^ 

'-:    "•■- 

k^m 

0.20 

i»* 

127 

130 

130 

l6.Jf 

',  -  1 

5.00 

0,20 

Ar. 

123 

121 

8.5 

!'.■>' 
.^'i 

'!<;•-' 

■0* 
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^  tABIE  86  ^'•'' 

flOiBEHiaATIQHS  IIT  m»/lQO  ML.  OP  SODIOM  CHLOHDfi 

csmma  S5,  5^  md  75  esb  cebt  hemolzsxs 

OF  RABBir  EKSraHROCTEES 


Per  Cent  Henjolysia  V         SLood  aan^Ie  aU  Blood  Sotmle  25 

.    .  ..■...-■._..  .^.    ,        ^ ..  _.____....         ._.  • 


WWW— '—        II  I      II    I  ■■■WW— — MI^<W<WIMi»<il 


25  0M3  0.i*i^ 

75  o.i»o9  it^l,.  '     o.if05 


TABIfi  87 

CCKCHITRATICIHS  Bf  (M./IOO  ML.   CJP  iBair(ll)  GUIC?OMAIE  CAUSING 
25,  50,  AID  75  PSR  CEHT  HEMOLTSIS  OF  RABBIT  ERKHROCYTES 
IB  TBE  FKESESCE  GP  0.2  PER  CERT  SOmm  CHLORIQB 


Per  Cent  Heaolysia  Hood  SBiqpLLe  2^^  Blood  Sangjle  25 


miiTTriwiiii-iiiiniii 


25  3.93  3-65 

l»  3*JIB  3.05**     ^ 

II  2.66^  -  ♦•„• 

l.ll^ 

ft  -  !Ibe  curve  draun  for  thla  blood  sarngple  intersected  the  point  of  75  per 
c«at  hemolysis  3  tloeB. 

b  -  The  curve  drawn  for  this  blood  saiqple  Intersected  the  point  of  50  per 
cent  heiEolysls  2  tlaies. 

c  -  The  curve  drawn  tor  thla  hlood  eaugple  did  not  extend  to  the  point  of 
75  per  cent  hemolysis. 


•^■^ 


:% 


!«..■. 
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VAIIES  OP  1  POR  IROK(II)  (ffiaCCRMS  m 

cmsmS  2?»  50,  MD  75  FEB  caiT  wsmvssm  m 

BABBIT  ERimmQCyiES  d  TB&  S^aSK^B  Gi* 
0.2  PER  CSm  SODIUM  GHLQRIIB 


Per  Ciait  HeoKxlysie  Blood  Sntople  SU    ^.    ^       BLood  i^HOiple  25 


MManiiaiiMia 


25  0.89  o«S7 

fi   ;  .  :  -  -    l.ca    '  ■ .  '    '  i,: 

*^^  imim   I    I  if  II 11 


e 

•  •  •  • 


Avex«0M  X.20  X.O^ 


%  #  Avei«ae  1  v&I\;»  calculated  ftroo  three  eoocentratiaaa  of  Irco(XX) 
ePUtccnate  causing  75  per  cent  lUBBK>ly£d8  of  this  tslood  saB^le. 

\t  -  Ay-ezvcpe  i  traaue  calculated  ftrcm  two  eoocentratloos  of  irca(IX} 
l^tttscoste  causing  50  per  cant  heoiQlysls  of  this  blood  sacgjle.  ..  . 

c  -  So  i  value  vas  obtainable  fear  this  blood  saagile  at  75  par  coit 
he33K)lysla. 


n 


■-.    ■.■'■i 


/;i»-'l 


m. 


^^m 


PER  cmr  fsmyvtsiB  or  wms  mrmmsmm  is  umin)  mmcmm 

BOUmms  (F  VARXOim  CQHCEirDitATZGRS 


Per    Cent 

Zroa(n) 

GlTacon9.te 


UQQ 

«■ 
1.50 

8.06 

2.50 

3-50 

3.75 
4*00 

$.00 


CoHorisalmf 


kr. 


Av. 


Av. 


kf. 


Av. 


it;ir« 


Ar. 


Av. 


Av. 


297 

295 
307 

299 

297     ' 

292 

286 

213 

133 

X2T 

96 

9^ 


88 
86 


100 

99 
lorf 

106 


Avara^  Beadiags  Minus 
BWfltncs  of  Irm(II) 


295 

^^ 

303 

291 

297 
-18 

279 
289 

213 
»  to 
IS" 

130 

«,53, 

98 

37 

if 

It 
a» 

•„^ 
19 


Per  Cent 
Heoolysla 


85.5 
o$»l 

81.6 
7^.9 
50.0 

22.5 

10.8 

5.5 


'i-."J 


lER  CEST  BEMOLYBIS  OF  HISIAS  ERY5!ir«)CyrES  EI  IROEr(n)  (SSJCOBASS 
&0Um.<M8  OP  VARIOUS  COBCEHTaATICSrs 


Per    Caat 

IronCn) 

Olucooate 


HLood  Saarole  52 


CoI03rtUMt«r 


CELuccnate  ELanlts 


Per    Cent 
Ifetaolysls 


I.OO 


2-5Q 


2.00 


lg.«^ 


3»O0 


3'50 


3.75 


4.00 


k.5Q 


5*00 


Av. 


k^. 


JOf* 


Ay. 


Av. 


Aar. 


Av. 


Av. 


Av. 


Av. 


350 
3to 


333 

m 

315 

^7 

200 
197 

73 

73 

71 

71 

71 
89 

98 

9sr 


31^8 
-    0 

330 

331 

^^ 
316 

292 

197 


n 


-g 


83-5 

79.a 

75.8 

70.0 

39.6 

5.0 

1.2 
1.2 
1.9 


12$ 


'^i-:- 


coscEsmuaicHs  m  m,/ioQ  ml.  op  domm  (mmim  md  iRcai(ii)  auucowiaE 


m 


Bsoolysls 


0 


Sodlua  Chloride 

Coacgatratlaa 
HLood 


Saaggle  51 


0.355 
0.328 

0.2^ 


Stood    ■ 


0.328 
0.322 
0.306 


In»(n)  Caucooate 
CoocaitratlQa 

H.ood mood 

aangle  51    awyle  52 


3.^5 
3.00 
2M 


3.2i* 
2.88 
2.32 


VAiiffis  OF  1  FOR  iRcii(n)  auucoMASs  AT  cxncmmAsnxMs 

CAUSDIO  25,  50,  AHD  75  PER  CEBT  HEM0IZSI3  OF 


Fer  Coat  Bemolysis 


'   m 
■'  m 

Avex^ges 


BLood  Saoaple  51 


XM 
1.56 

i.m 

1.58 


HLODd  SsBQile  52 


1.44 
1.60 

1.64 


ESR  CHfU  mSSUtSXB  OF  EU^aK  ERXffiROCWES  301  SOKJTKXJS  CCS!CAIWIH 
0.2  PER  OTfF  SOTIUM  CSLCmiSE  iW®  VA!tB»JB  CC«fCEaiTRA3!KHS  (Bf 


3*SB8SBa««a«BBBWBSBBSIBB«a^B^ 


.^1 


•    •    « 
«    «    • 


2.00  O.a)  231  227 


>17 
210 


185  -i»e 


: ■    Blood  daniple  53 

Per    Ccmt      Per  Cent      ^ 

Ircn(n)         Sodlim       ColozlaBter  Headings  of  Irca(ll)           Per  Cent 

Omccpttte      caaoride         Riwdiaaiw  mn^ri«t.^  to«»vo HaaoJLyBl^ 

0.00  0.20  \^h 

jqo  ... 

Av.        W5  ...                                     96.3 

0.50         0.20           M  299 

^  »    0,                                    -.:-■ 

Av.        299  'W^                                 70.0 

i.oo         0.20            1^  ^1 

Aar.      "^T  *"^|"                                58.5 

1.50         0.20            206  ao^^ 

202  «    6 

Av.       -^r  -W                                  46.2 

1*75            0,aO                217  217 

-llf 


Av.      ar  aoF  i»7.5 


Av.         227  ao                                      if9.0 

2.$0            0.20                273  270 

267  -  29 

Av.         270  "^a                                      5$,^ 

3.00              0.20                  1^9  187 


Av.  IffT  l55                                 33.9 

^.00             0.20  i|  79 

Ar,  79  21                                  4*^ 

5.00              0.20  103  101 

Av.  Tm"^  *~l7"                                1^,0 


mrnimiiwi,! 


WBmm 


125 


fm  ems  mmsm  m  mms  mcmBix:tas  mammms  cmskmm 
0.2  fiR  cm  acsauM  csdorue  hsd  vakzous  cascsasBiOTCim  ov 

mm{u)  Qwccmss 


Pw  Cent 
Sodlua       C 

0.20 

AST. 

VHoodL  Sasmie  ^ 

Per    Ccant 

Iron(ll) 

(Uucooate 

olorimeter 
nyiiinfrii 

dueoDAte  Satths 

Per    Ctait 
Boaolysls 

0.00 

• .  • 

•  »  »             ,'■;  -■- 

uooa 

0.50 

0.20 

kr. 

^12 

106       i 
-    0 

05.5 

urn 

0.20 

Mr. 

366 

362 

71.9 

1.50 

0.20 

Av. 

291 
291 

291 

-  20 

2-^ 

1  ••: 

l.f5 

0.20 

AT* 

2i»2 
232 

237 

237 
212 

i»3.5 

2.00 

0.20 

Ay. 

256 

a6e 

i>7.t 

2.^ 

0.20 

Av. 

3M^ 

3to 

.43 
29"/ 

61.0 

3.00 

0.20 

Av. 

227 
22lf 

224 

^•7 

k.OQ 

0.20 

Asr. 

m 

97 

-  80 

17 

.';. 
3.5 

5.00 

0.20 

Av. 

IS9 

128 

-103- 
25 

5.1 

^•:i 


m 


!CABEE  95"      •■ 

e&isiesmmxm  m  (m,/ioo  me.,  of  sodsm  cstxmm 

CADBESC  25,  50,  AlSro  75  HSR  CEST  HEMOEXSIS 

cm  warn  wtmsoc^fsss 


fttmmmmmmmmmHmmmmmmmmmitmmmmm 


Imp  Gittfe  Mteolyala Blood  3mfiM  53 Stood  Saagle  5^ 

50  0.3«iO  0.37% 

75  0.322  0.361 


ISfflEE  96 

iMMS^inoss  IS  aM./loo  m.  or  iRQGr(ii)  amxmss  cAusim 


Per  Cent  Baaolysis  ELood  SaEcypXe  53  ELood  SangOe  5i> 


25  $,SR  ■■;  "       3.27  - 

50  2.60^  2.67® 

2.07  s.i*> 

75  ....**  0.89^ 


a  -  Cusnms  dawm  for  tbme  b3x>od  senrplos  Intersected  the  point  of  50 
cent  hmedLy»±s  3  tlana. 

b.»  Ciove  dram  for  this  blood  8«EGipIe  did  &ot  extend  to  the  polat  of 
7?  pae  oms/b  }maol;^ls* 
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HXMX  97  !  ■■■• ! 

YALU^  or  i  FOR  IROII(ZZ)  GHJCXmASS  AT  CQ0CB3TSAS9BMI 
CAISIH3  25,  50,  i«J5  75  5SR  CBR?  MW0LS3IS  OT 

0.2  SSB  CEZiX  SOOOBAf  C3£EdiU33i 


Per  C^t  HeEKxl^is  Biood  Sac^ie  53  HLood  Seau^ile  54 


19  0.67  0.80 

0.86  1.51 


a  -  Avex«e8  i  value  aacaulated  froa  tbo  3  coacaitratlaas  of  iroKt(lI) 
fiSliicaoftte  caualas  50  per  cent  hemolysia  of  this  'blood  Kssfple. 

b  -  ^  i  value  vae  obtainable  for  thia  blood  scuqple  at  75  per  c«d% 
liesamysls. 

c  -  Asreiaae  |^  value  calculated  frooi  1^  3  coaieentratlaas  of  IrQa(ZX) 
l^ucaoate  causing  50  per  cent  hoaal^ls  of  tM»  blood  sample. 


-■i--H^)J-      '*■-     -:-.t:«*'  ■    ■**-'» 


vm  can?  BamsBBS  or  rabbet  ermhrocxiebs  js  cms/s{ii)  mxxmas 

BOMIEKMS  OP  VARIOUS  CCfKrEaiTRATIOHS 


■  '  - 

Blood  Saastle  26 

Per    Ceat 

CcMLt(XI) 

tttunoate 

Colorfteeter 
Readings^ 

100  Per  Cmt  HaaolyBia 
BeadlJOg  Iflmis  Aveztflt 
OoixatCn)  (UncnMslft 

Beool^sla 

0.85 

Av. 

2 

4- 

309 

-    1           r  . 
36B 

99^ 

1.10 

*Sf» 

20 
It 

309 

^  ^    

,,     9»>.5 

.    IM  ■' 

Av. 

4 

2/1 

87.7 

1.65 

Asr. 

59 

309 

81.9 

1.90 

Atr. 

~8~ 

309 

m   . 

78.6 

e.15 

Air. 

^ 

309 

-86 

^3 

■"v'     72*2 

2.^ 

Atr. 

* 

"""5^ 

30.7 

2.69 

Ar. 

282 

309 

5.8 

2.90 

Av. 

f- 

309 
-310 
-    1 

-  0.3 

a  -  Coloariiaeter  r< 

aadlnga  are  of  aolutiaos  resulting  frcm  the  le 

iking,  in 

0.1  p«r  oont  •odtoB  oaxtenattt  eolutloDi^  at  tlMM  «xythrocytes  vhlch 
UkUlA  to  iMinl^M  In  tlM  aatoalt(ZX)  gflwwtt*  soOutiaos. 
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ira  caaiT  HEMOLtSlS  Of  MlttST  ERZCHBOCWKS  IH  CaMLT(lI)  OODCaaKBI 


Stood  Ssagpile  27 

Wm   Cmt 

eetaa.t(ix) 

Oslucooate 

Colorimeter 
Readings* 

XOO  Fer  c«it  Hemolysis 
Beading  muoB  Avenge 
CotiaLt(ZX)  (JlucooKte 

Iter    Cent 
Ikanolysie 

0.85 

Ar. 

10 

k 

7 

98.0 

1.10 

Ar. 

37 

3M1 

^•3, 

l.to 

Av. 

71 
69 

80.1 

a«i^ 

Ar. 

87 

•  87 

7*^.9 

2«2»0 

H^ 

100 
10^ 
102 

3»*6 
-102 

70.5 

t.^ 

Air. 

188 

3J>6               '    ' 
-l8o 

■■-■   "tsr- 

Wf,0 

2.90 

A7. 

278 

m. 

276 

3»>6 

19.5 

3*20 

At. 

iter  rei 

33r 

3*6 

olutioos  resvatlna  fw»  *bm  l 

3.8 

*  -  CoiLarlae 

AklBtf.    4n 

0.1  per  cent  sodiuB  eaartiQaate  soluticn,  of  those  wytteooyttd  ibts^ 
fialled  to  hemolyjse  In  the  cobalt (II)  gluconate  solution*. 


•  4«";'» .'-^  • 


m 


1SftB££  100 

OaCEHTRATICfflS  IN  GM./lOO  ML.  OF  SOKUM  CHLORinE  AHD  COBAra?(lI)  (SUKXHl^S 

CAUSIBQ  25,  30,  iXD  13  "PBR  CERT  HEMOLYSIS 

OF  RABBIT  KRXfflBOCnraES 


'          ■  .-.  •  't.  \  '-       .  -    , 

Ftt    Coat 

SodlxsB  ChXtnlde 
CooceatrattoD, 

Cobalt  (n)  GLvicooate 
CoacenlaratioR 

JSmeOysiM 

SaiKslc  S7 

HLood 
SsEDole  26 

ELood 
SeooDle  27 

m 

0.389 

O.I>3li 

2.1*5 

2.88 

-P- 

0.377 

0<^ 

8.35 

2.61» 

n 

0.361 

0.393 

S.ll) 

2.24 

101 

fftDOES  OP  1  FOR  C0BALT(n)  GIWCOKAaS  AT  COBCEH!IHATI(»IS 
C/yJSln  2^«  50,  ABB)  75  FEB  CEST  HEMOXXSZS  OF 
RABBIT  ERXOHROCYIEo 


Per  Cent  Etaolysls      '  ' 

Blood  ^BQQple  ^ 

stood  Saoqple  27 

29 

2.27 

2.15 

5e 

2.S9 

s.a9   ' 

75 

•  '     ,'      2.h6^ 

2.?1.         .; 

Avexuges 

2.3h 

2.30 

■r-^,-T-     1^ 
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WR  cms  BEMDZJSIS  OF  HUMAII  BQRBfiOCVISS  BT  COBkUSiU)  (^msum 

soianoss  op  variojs  corcestraipehjs  : , 


mmSTBSJ^^ 


P»    C^t  Colorlnieter         Beading  KHxiis  Averaga  f^    Cent 

gg»3.t(n)  Hidings*  CobaXtdl)  Gluconate  Eeoolysls 

^  Bsadln^s 

-»;?'T,T,^""gi"     .  . 


1  .       ^52 


9I^^ 


8.65  lU  k$Z 

lar.  UO  l^a"                                  75.7 

2.90  292  452 

Av.  ^Sr  ^r                                   3T.i> 

3.20  370  452 


«38i» 


Av.  |»  68  ili.o 


3.^5  »»45  lt52 

»^  -Mia 

Av.  Trta  10  2.2 


ft  •  Ccaorlneter  readings  are  of  soluUciis  resulting  fi-oa  the  laklns,  in 
O.X  aodiUM  Mx^ouKte  aolutioa,  of  those  enrttveeytes  ublch  f^dled 
1»  iMIiljPlt  l»  lit  MlM.t(n)  gluccoate  solistiOBs. 


m 


VSSM  103 
VSR  cms  HENaLXSIS  OF  HUMAN  EKXmHOCYZES  IN  COBALlCll)  GUXJQBASS 

soHjnows  OP  VARIOUS  cmmmATwm  . . , .  . . 


Blood  ganrole  56 
100  9»  C«at  iancajTBU 


Per    Cent  JHrnfttrxn  iOxam  Jtnamm 

Cobalt  (II)  Colorimeter  Cobalt  (II)  caucoaaate  Per    Cent 


(HiacKBAte  BMttUBR'^ 


-505 


2M  li                           521 

Asr,  50  TtT                                    90.J> 

2.65  ajr  ,                  521 

a»7  "at»2 

Av.  "^«r  "W                   53.5 

2.90  j#               ^^ 

3.20  511                              521 


> 


Asr.  505  35^  14 

3.*>5  523    .  521 

5X9  -521 

Av.  521  0  0.0 

-  Colorimeter  readings  are  of  solutlcns  resultlzig  frcEi  tbe  lairing,  in 
0.1  par  ont  aodlm  oaztcsaate  aolvttioa,  of  those  erytbroeytea  vhich 
tKHaA  to  hoMiljrBtt  la  iSb»  eoilMatCzl}  gLueoiiate  hqIu^&qbs. 


t-pi-^ 


■..  133 


eMawERAnnoHs  m  aM.Aoo  ml.  ci-  samm  chloride  ahd  cobaljpCh)  Qwcosum 

CMISIB9  i^«  ^0,  ASC  T5  fEB  CEIIT  BE30LZSZS 
GP  EQMAK  EfOTBEOCmSS 


SodiuD  OOorlOe  Co%»lt(lI)  GLucooate 
Bar    Cent                          Cancentrstloo  Ccaceotratlon 

Baaolysis  SLood  SLool '"       '  BLood  Blood 

Sanaale  55         ftw^e  56  fliBgae  gg         aaagae  56 

85  O.J*23  O.toS  3.03  2.9e 

50  o.ias  0.3^  2.8i>  2.70 

?5  O.Wr  0.385  2.67  2.53 


VAOJES  GP  1  PQR  COBALT(n)  rnxmATB  AT  CCBGHnSWlEICBS 
CAOSSK}  25,  50,  Aa»  75  PER  CEST  BEM0UE32S  OF 
BtSMS  SBjeXEROCnSS 


Pter  Coat  Hemolysis  ELood  3eraple  55  HLood  Senile  56 


H  2.00  1.97 

•i  a.ax)  2,07 

tl  g-3-8  2.18 

Averages  2.09  2.07 


13^ 


ThBlE  106 


SER  asm  Esmusis  of  rabbit  eeythrocttes  in  zmc  quxxuass 

SOIOTIQIfS  OF  VARIOUS  C0!SCEI!TOA3?IQHS 


■■   VV.J 


PB7    Can't 

Zinc 
ducooate 


Colcxrlmeter  Beading,? 

HLood  Blood 

SiBgae  28       QemHe  39 


Per  Cqat  Haaolyaig    ' 
iSLood  ffl.ood 

Swple  a8        aample  29 


0.0055 


0.0060 


O.QO^ 


0.0070 


350 

ir#     353 

*r.       330 

235 
233 

210 
21U 


2^ 

257 

210 
206 


212 


172 

180 


90-7 


85*1- 


60.3 


54.7 


83-7 


65.6 


53.0 


^5*0 


0.0075 


0.0030 


0.0090 


0.0100 


•P*- 


i0» 


«  •  • 

•  •  « 

uo 

122 

70 
50 

53 


150 

128 
ISO 

-gr 

72 
80 

1»5 


89*9 


18,0 


13.7 


38.0 


31.6 


19.^ 


U.5 


I  • 


135 


i  fSWBEE  ICff 

COHCSaSIRAHCHS  W  GM./lOO  ML.  0^  SOQm-i  CSLOSIDE  AHD  ZSm  CJKJC0HA31 
CAUSmS  25,  50,  ASB  75  EEK  CEST  HEMDLXSI3 


mntnytaJi 


25 

n 


SodliBB  Cblorldo 

Cooceatratigo, 

Blood  HLood 


0.436 


zinc  GLucooate 
Ccpceotitttion 
^bod  Blood 

SEggple  28    Saatple  29 

0.00832*  0.00855 


0*00701* 
O.006S5 


0.00665 
0.00573 


anM 


WSSM  108 

VAUES  Of  1  FOB  ZIHC  QIZKOimaE  AT  C0aCB»aRATE2l3 
CMBim  25,  50,  AND  75  BES  CEST  EOmimS  ^ 


ssEsas 


Ber  Oeat  Hetoolyala 


41 
If 


ELood  Semtple  28 


816 
915 

905 


HLood  Sasrplo  29 
770 
951 

930 


tammmte 


3!»f»».—    -«L 


^.' 
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mSLE  109 

fER  CBsa  wasiisBis  of  huhan  snrmRocYXBs  -m  zinc  gijjcchaxe 


Gluccttiate 


CqlQglawter 

TEoSd 

gaaaaale  37        Satmale    58 


BLOoa  Bxxta 


Cant  HeataolyBls 

a        Blood 


0.0070 


0.0075 


0.QQ3Q 


0.0085 


0.0090 


O.OdOO 


o.oa^ 


O.Q160 


0.0180 


o.oaoo 


kr. 


kr. 


Tof 
TJoT 


Air. 


ibr. 


kr. 


386 

381» 

380 

"W 

386 
310 

262 


206 

200 
152 

IS 


kfn 


kr. 


kf. 


U06 
i»oo 

412 

386 


3^5 
311 

261* 


198 
202 
200 

188 


86.0 


85.8 


81.0 


80.7 


67.2 


55.1> 


k2,3 


32*8 


196 


83.2 


^.7 


8e.9 


79.2 


70.0 


€3.5 


53.3 


40,8 


ko.k 


1)0.2 


mmaeaamm 


137 


SABI£  HO 

ccsfcEmmtiHnasQ  w  (m,/ioo  ml.  of  saoim  csi/sctaR  mt  w&  <mximAm 

CAUSIHG  50  aad  75  F£i:  CEHT  HEMOLYSIS 
OP  EIMN  EBKEROCrnEG 


Per    Cteat 
]&aaolysis 


Sodiiaa  Clilorlde 

Caocentration. 

Blood  Kood 

9«^g  ?7       affS^,  ?Q, 


Zloc    (clucooate 


8BB^93.e  57        flpppple  5Q 


m 

m 


0.382 
0.373 


0.380 
0.680 


0.0107 
o.oo8J»o 


0.0126 

0.oo8i*8 


TABEE  HI 


VAIZXES  OF  i  FOR  ZZRC  aiM;CRA.TE  AT  CQUCSTZMTICRS 
CAUS^  30  MD  73  WSR  CERT  HEMOLYSIS  OF 

mmc  wsMBoctTEs 


mmm 


Itr  Coat  HMBOlyais 


BLood  a»i|^e  57 


BLood  agoiQkle  5^ 


5^ 

673 
607 


m 


mm 


% 


*  '    ■!  -■ 


1^ 


:  r  SAHUS  112     .  •■ 

VBR  CSm  BBMOLXBIS  OF  RASBIT  ERlTEHHOCniES  IN  SOLUTIQl^  0.1  MOIAR 
(0.6  fSR  CERT)  IN  SODIUM  CSLOBIIE  ASD  0«0?  M3LAB  IS  Q£UCOaiA!l£ 


«»-^  luci       bLJ'  ggoT^'-lga 

angle  12      Sac^e  29  SaEggle  12        SeBjple  29 

8odBLum    ,.:..,;.    .    :  ...    fl  ..,.,..,...  ft :  .  ,  . .  0.0       , ,  .  ^ ,     0.0 

Potasalua  0  #  0.0  0*0 


0  •  0.0  0,0 

Calclio  0  i  0.0  0*0 

HbngpmmiU)^  3  I  I>0  1.5 

Iroii(n)^  If  0.3  1.3 

Copper(ll)  ♦•♦  *»«  •••  ... 

Col«lt(lI)^  0  i  0.0  0.5 

Sloe  0  1  0.0  0.3 

mmmmtmmmmmmmmmmmmmmmmmmmammmmmmmmmmmmmmtmmmmmmmmmmmmmmmmimammtmmmmmmmmmmm 

«  «  Each  reading  iSiom.  is  the  «?en4^  mm&txig  of  two  ditpllcate  tubes* 
b  >  DBtermlned  by  the  isethods  devised  for  colored  soluticns. 
c  -  RaadlngiB  uaoifatBlTwhlg  due  to  desiaturatloa  of  the  blood. 


1^ 


SSABEfi  213    ' 

m  COR*  RBmssxs  of  bimu?  ERnsRocTzra  si  douxuuHa  0.1  msub 

(0*6  nst  CBIT}  Sr  SODIUM  CHLaRZOS  mo  0.09  NOZAH  ZH  OLUCONftSX 


9bmctm^ 

Colorlmet«p  Seadlags* 

Blood              ELood 
Seaskle  31      Qamole  hi 

Bsr  Ceat 
BLoc^ 
Sanwle  31 

Haraolysia 
Blood 
Bample  k^ 

Sodiira   '"• 

0 

• 

0.0 

0.0 

BotStSSiUB 

0 

*. 

0.0 

0.0 

litgaesltBB 

0 

• 

0.0 

0.0 

Calclisa 

0 

• 

0.0 

0*0 

MBin£5BBV?P<f»(  11 ) 

23 

X4 

k*6 

3.5      V 

i«ti(n)^ 

m** 

1^"^ 

38.7 

29.0      , 

Ceibalt(ll)^ 

1« 

m- 

15.2 

6.5 

Copperdlf 

•  •• 

***  .' 

•  •  •  • 

Zinc 

■  \M. 

>■    V.  A 

■       k,6       r 

:''  0.8 

8  •  Bach  readlm 

I  shewn  is  the  «v-« 

r»ee  of  two  du 

mllcate  -bzbea. 

» 

b  «  Deteroixied  by  the  me-Qtods  dovlsed  for  colorod  solut>lcoa» 

8  *  Fl«cipltftt«  of  uikaoun  ecnpc^ltlcxi  dbsexved. 

A  •  Sottdlngs  txiobtalnable  due  to  denaturatlcxi  of  blood. 


li«) 


,  lABIE  Uk 
VALOES  OF  i,  FOR  VARIOUS  GUXCMAIES,  CALCULATED  FROM  COMCEHTRATICW 

CAusma  25>  50,  and  75  fer  cestt  hemsljtsis  of  babbit  mrnaeegaa^ 


...,v.:    ..     ,.•           ■ 

Per 
25 

Cent  SMBlvBia 

6lUB€fii;t« 

50 

75 

Averages 

SodltXQ  (Hucccato    ,   - 

.     2.18    . 

.2.26 

2.36 

2.27   ■  •.; 

Sodlim  Qlucooate 

1.96 

1-97 

2.05   I: 

1.99 

Fotassitin  Ca.ucaDat« 

2.19 

sM 

2*3k    ':'•■•; 

S.P6 

Potassium  Gluconate 

2.00 

z.fyf 

2.08 

2.05   '  \ 

MigEiesitBn  Gluccoaite 

2.1*8 

2.6t» 

2.76 

2,63      . 

IH^pnesiuBn  GQ.ucaQate^ 

3.03 

3.19 

3.30 

3.17     -v 

CalciuQ  Glxiconate 

2.32 

2.1*0 

2.50       . 

2.UI        v- 

2.89 

2.96 

3.12 

2.99     is;. 

NnameseCn)  Caueonate  2.48 

2.51* 

2.62 

2.55    V. 

llMiM»se(ll)  OlucaDate's^Oif 

2.18 

2.36       . 

2.19  ,  >i^ 

Xraa(ll)  (H-uccaate 

1.22 

1.28 

1.32         . 

1.27  ;/♦' 

Ircn(n)  Gluconate^ 

0.93 

1.11 

1.69* 

1.24    '  V 

CobaltClZ)  OLucanate 

2.20. 

a.g? 

2.W 

2.3« '•■'""■ 

tine  CB,ueciiftt« 

1»*» 

933.            1087. 

9!tS. 

m.  «  Uhless  otherwise  Indicated  all  i  values  represent  an  average  of  two 
blood  sangples. 

b  •  Valiies  obtained  in  the  presence  of  0.2  per  cent  sodium  chloride. 

c  -  Average  of  thsree  blood  saioples. 

d  -  Besult  of  csxe  blood  sample. 


lu 


ssisti:  115 


vmms  OF  I,  TOR  various  gujcokaoes,  CAucuiAisa)  ebom  (xmcEsmmma 

CAUSIHG  25,  50,  AND  75  PER  CEHT  HEMOLYSIS  OF  HUMAN  ERnHROCYTE^ 


Bw  Caot  Hemolysis 

....      .,.,.- 

QLucoBste 

2.32 

^ 

2,36 

2.^ 

Avem«es 

SodliaQ  Glucccata 

2.37 

Sodliaa  fflLuconate* 

2.01 

2.07 

2.U 

2.07 

fMftsslisn  Qlucooate 

2.20 

2.28 

a.  36 

2.28 

Potassl«a  Glucodate^ 

2.03 

2*13 

2.18 

2.13 

NMIiwalum  Gluconate^ 

3.36 

3-SA 

4.69 

4*00 

Nmpieslum  Glucaaate^ 

3.3l> 

3.to 

3.56 

3.43 

Calclxsa  Glticcoate 

2.5'* 

2.72 

2.95 

2.74 

CMLeiua  GXuccaiatQ^ 

2.41 

2.56 

2.89 

2.6a    -;^: 

Hmyii»59e(n)  (Hueonate 

2.6k 

«»T0 

2.76 

2.T0 

Man^tneBe(lI)  GLiicooate^ 

2.28 

2.3T 

2M 

2.3T       ' 

£rao;(XI)  Glucoaate 

l.i»5 

1.58 

1.79 

l.fil   ^ 

Xron(n)  OLucaoate^ 

0.7U 

1.12 

2.56* 

l.i>7 

CobaLt(U)  caucoaate 

1.98 

2.08 

2.18 

2.08  ':;"" 

Zinc  ca.ucanAte 

•««• 

^99. 

666, 

588, 

A  •  Ijfaless  otherwise  InOieated  all  i,  values  represent  an  asverage  of  two 
tiLood  sanies. 

1>  -  Vj^u^  obtKhutd  ia  the  pres«we  of  0.2  per  cent  ocdium  chloride. 
#  *  AininlgB  of  three  blood  sanples. 
d  •  Aewult  of  caie  blood  sas^le. 


M 


TABIE  116  ^   ^ 

pE  VAItBS  Of  2  Fra  GOR  SQUJTZOnS  OF  VARIOUS  QLUCOnATES 


Bl 

l^  ^^B*^P    #H*?Ni^    '•^IB  H 

|«SA£S«CEigH  0 

J^ 

..,..,..:, 

, *  C    ..■  .      .',«,■  4    ... 

•     ; 

pS  Before  Ube 
Addition  of 
HLood  Sauoile 

pH  45  I'llnutes  After 

Bie  Addition  of 

BLood  SeBaDle** 

17 

as 

17 

23 

Sodl\an     , ,       ; 

6.93     ,. 

6.88 

7.CA 

7.00 

PotassliBn 

7.02      ;. 

6.90 

7.crr 

6.98 

7.36      ,. 

7.25 

7.50 

IM 

Calcltn.  i;;:       .k.. 

7.72       . 

7.60 

7.80 

7.70 

^|fiBiii@3Zie3e(IZ} 

6M       J 

6.k9 

6.51 

6.49 

IrcnCn) 

k.35       . 

4.50 

4.57 

1^.55 

C6balt(n)    i  .  . 

5.15       .: 

5.13 

5.15 

5.20           V 

Coppep(K)        ; 

3.95       J 

3.85 

3.95 

3.88    . 

Zlne 

6M      , 

6.110 

6.52 

eM 

a  «»  To  10.0  ml.  of  the  gluconate  aolutlon,  0.10  ml.  of  deflbrlnated 
, ,  t>lood  VBS  added. 

|»  «  Ibe  pR  value  of  SLood  360^3.3  17  vas  7.85  and  that  of  BLood  Saople  2d 

^'.1'  ■'■■'  ■' '  -'■■■■ '■   '■'■ '■■'•::;'-r:  *  '■"    ■•'•.:;■•■'■•' ''^' '" 
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o 
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KSASI3iaS  OR  TSE  BECKMARN  OIFFKREHTIAL  1SERMQMB3ER  SCALi 
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1  rAums  Of  YABiotis  sai^  oar  mncasK  acw  cai£;ula!!Sx> 

nm.  FREEZ2HG  FOIST  mM  OBCAIBED  W2m  A 
MQfQZPZED  BAimJSX  APPABASUB 


Salt 


of  Solution 


Bodlvm  (£Luconate  O*0e£f 

fdisasflixm  (Hucotttt*  0<QSK? 

NlkffieslTan  Gluccmat*  O.C^ 

ca«iuia  m.mQmU  0.010 

Wmsm^iBeitt)  tSLmoBAte  0.02? 

IrGn(n)  Gauconate  0.0S5 

Caibalt(n)  Gluconate  0«0e5 

Capper (II)  (SLucoDate  0.065 

2dno  caucooat*  0.0^ 


Avez«ge  Freezios  1 

Point  Dapresslcp^ Value 

O.O&r  1-87 

0.085  1.83 

0.130  2.80 

0.050  2.69 

o.iot  8.19 

o,nh  iM 

o.ua  2.ki 

0.069  1.^ 

0.U9  2.57 


a  -  Data  trm  Itaihle  120. 
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tEWBUE  122 

coMMBXsoN  OF  1  vfOMs  KM  vMioos  omjcm/om  OSOAimSB 
na  Tss  EsSoixnc  method  wixa  osose  calcuiazed 

KKJM  FSEEZISG  POIHT  MIA 


MW 


CELucdoate 


Sodium  SLuconate 


Sodliaa  GLacaa&ter 


Pcrtassltxa  GlaccBste 


Botftssiua  CtLiwoDate'' 


i^  Values  froo 
1  Values  from    i  Values  frcm         Txwtziaz 

^Mtnioocf    "^Smaaa  Bloodf^        gotot  Data 


Nmpesiua  Glxicoaiate^ 
Caelum  GliteoDate 
C^clun  aiueodat«^ 
ltaB0Kaese(lZ)  GLticcaat« 
Man^aneseCu)  (EiieoDat*^ 
iron(ll)  (Euconate 
I«n(n)  SLuccoate^ 
Cobalt(ZZ)  CELucGoattt 
CoE|>er(ZI)  ca.uc(»3at« 
Zinc  G^uccxiate 


a.srr 

8.37 

1.99  ' 

2.07 

2.26 

2.23 

2.05 

2.13 

2.63 

k.QCfi 

3.17 

3M 

2.^ 

2.7^ 

2.99* 

2.6s 

2.55 

2.70 

2.19 

2.37 

1.2T 

X,6l 

1.2i» 

IM 

2.32 

2.08 

4 

\  '  '  •■  «»*#• 

B. 

582. 

1.87 
«»«♦ 

1.83 

•  •  •  « 

2.80 
.  • .  * 
2.69 

2.19 

2.^5 

•  * « • 
2.^1 
1.U8 
2.57 


.:>. 


a  *  IMless  otherwise  Indicated  theae  i^  values  represait  aa  average  of  two 
blood  samples. 

b  •  Values  detemiiaed  In  tbe  px-eseoce  of  0.2  per  cent  sodium  chloride. 

e  «  kmet^  of  t^uree  blood  saij^les. 

d  •»  i  values  unobtaJnabTe  by  tlM  iMnolytic  isiethod  due  to  -^le  darkening  of 
tile  ooc^yheooglobln  In  the  xeKMi^e  of  copper (II)  gluccaiate. 


f.i* 


•Aa..i 


DI3CUSSI0S  OP  RESOLTS 

Results  of  Freeglias  Point  Itetaralatttlafts 
-     ■  r      la  carder  to  oongpare  the  1  valiiss  oTatalned  for  the  ^uconates  ty 
the  haaoOsrUfi  nethod  with  thflfaa  ealciOated  l^cii  cs^Oliai^tiye  ^roierV 
data,  it  vas  necessary  to  detesnlne  ho&i  8«t«  (^  tttfOtfiiAtlas  &  IMt 
laboratory)  laaaolytlc  i  values  :ft>r  titea  gluconates  were  loaavailalsle  In 
t2ie  literature  as  were  colllaatlve  progperty  data  ft>r  all  tfee  gluconates 
studied  except  for  Iron(II)  «KQd  calcium. 

Since  gluconic  acid  is  d^paiOje  of  forming  water  soluble  ca^eaass 
vitis  certain  aetallie  ionsj,  it  ina  reco^iized  -tibat  freezing  point  data 
VouM  be  helpfel  in  evaltaiting  the  results  of  the  hejaolytic  ea^rlasnte. 
fbe  Is,  valines  calculated  from  the  ff eessins  point  di^i^ressiosis  obtained  in 
law  mt/miinmiM  vi'tti  soditm,  potassium^  magnesiiBiy  and  ealcitm  (l«87> 
1.83,  2.80,  and  2.69  respectively)  war®  similar  to  the  i  val\»«  <rf  salts 
Of  liiMMte  ia«tlkls  litti  inorflpaJM;  efiidsij  therefore  it  was  asaua^  that 
^tmrema  no  assbelatlon  c*  ^dmm  ^iitloas  by  eO-ueonic  acid. 

Cobalt(ll),  ijron(n),  and  tiac  ^ucooates  appeared  to  b« 
ali^tly  associated  as  their  4,  values  were  Z.kX,  2»k%  and  g*^1  rtfl^to* 
tivaly.    Il9ngHaese(lI)  gluconate  seeoKtd  to  be  more  strongly  associated 
as  it  had  an  1  value  of  2.19  whereas  copper(II)  gluconate  4Mdiibited  en 
•xtreiaely  low  4,  value  of  1.^.    Ttda  sesBwd  to  siqpport  tl»  leaactt.  9i  othemi 
(53)  \AiO  hawe  r<n?arted  -that  gluconic  acid  fonaed  very  strong  ccessAexes 
with  laost  of  ths  trGUsition  eletaeats. 


!  .- 


It  fdunild  be  roBMBbered,  hcnm&e,  that  any  esesess  of  gltiemlc 
acid  jtn  the  sao^Ies  would  yield  data  lAticb  would  be  Intexpx^ted  In  teras 
Indlcatiog  assoclatlcxi  and  lev  i  values.    Also,  In  z^latlns  these  1 
values  to  -Oiose  obtained  by  the  heoolytio  method.  It  sust  be  boxne  in 
Bdnd  that  the  addltlcn  of  the  blood  ccx^ponents  msy  alter  the  degree  of 
aa#o@|«14cii  of  the  iMtalllc  glucocuctes.    Ihe  original  jS  values  of  the 
gbieonati  edtntiQas  (HA  not  i±nag^  i^pvclably  after  Ifat  addition  of 
blood  (vid*  liable  116)  so  that  a  varlatictt  In  association  due  to  pH 
idMOp  lift  mtmauA  to  be  neglielblc»»    JxOoe^  the  MOBcisisQ  to^peratores 
of  f2)e  tMO  methods  have  to  be  ccsisiafertd  In  coR^tMUPtfig  tSie  i  iraliiAS  obtatneA 
by  the  different  methods}  the  hesaolytic  ea^erlmoits  were  all  carried  out 

at  jr^±i°. 

Hw  CMmotic  fragility  of  erytibtrooytes  varied  frca  animal  to  ' 
aniaal  and,  indeed,  frcci  day  to  day  in  Hm  mme  animal;  emplc^sring  blood 
txom  the  ssrae  dexuxr,  daily  variaticns  were  observed  in  the  degree  of 
hesnolyBis  occurring  in  a  given  ccnceatration  of  sodivaa  cdiloxlde  solizticn. 
IMa  variability  vas  oaqpansated  for  during  each  detenrtinatiaa  by 
fttfeertaiolng  -Qie  degree  of  hemolysis  oocurring  in  both  tbs  referent 
sodlira  chloride  solutions  esoA  the  gluconate  solutions. 

tor  100  per  cent  hemolysis  than  did  ttStibit  bSLood.    SegffO  Hdod  fl^o^ 
tn  two  eaqperiments  early  in  this  study  (ibble  %,  Blood  Senses  51  and  32) 
failed  to  become  60  per  cent  hemOlysed  in  0.3S  per  cent  sodium  chloride 
solutions,  a  salt  concentration  ubich  in  most  instances  seemed  to 
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ecxopletely  laice  erythrocjrbes  tvoa  ^SOM  donors.    £i|^1<  trtftitlonwl.  blood 
tWBiles  from  Begro  volimteez^  vere  dbtaixted  sod  the  osaQrf;ie  tnePSty 
of  tbe  erythrocytes  aetertnlned  in  various  concoatratioos  of  sodium 
i^Oavide  (Slbkble  3,  ELood  Basaplee  60  •»  67}.    Althou^  two  of  the  ten 
JItegro  tilood  soaples  studied  eaMbited  greater  tittai  90  per  cent  henaslysls 
in  0.^5  per  cent  sodium  chloride  sdixtlaas,  seven  saiEstles  showed  Xwm 
mamk  do  per  cmt  atid  thre«  MqpStos  l»m  than  60  per  emt  hemolysis.    M 
mnumtfi  o£  74.7  per  ccat  hemoOLyBlB  ^ms  shoHn  Ijy  the  ten  Tkt&ro  blood 
tUplmi  la  0t32  pw  «!«it  sodluie  <ihloi?idi&|  the  acpples  of  CeBwaslan 
iiiiars*  liidod  cnpl^j/vd  In  IMi  stiids^  iSiowdd  an  ay^^nNii  <tf  97*0  per  e«iit 
timmnljnin  In  O.3S  per  cent  sodiua  chloride  solutions.     Blood  froa 
Oaw:!fl,a1nn  dcoors  showed^  on  the  wrtam&&,  50  per  coit  hemolysis  in  sodim 
€tl<xeldB  solutions  of  0.331  per  cent  concoitratlon;  the  wmm  tegree  of 
heoolysls  did  not  occur  in  Hegro  l^ood  until  the  sodiuQ  chloodde  concen- 
tratloa  tms  decreased^  on  the  aveiB@e,  to  0.3t»2  per  ce»t.    iJX  OC  tlis 
Gsuoasian  blood  sasQ^Les  Ixnrest^gated  bestolysed  to  a  certain  degree  in 
O.'^  per  cent  sodium  chloride  coneentration  idwreas  only  four  of  the 
legro  blood  asa^les  exhibited  tecialysEls  in  this  salt  ccncentratlca. 

THswints  of  the  blood  mad  other  pattologleal  conditions  have 
Img  baea  iQaoun  to  cause  a  variation  in  tha  osmotic  fragility  of  erytboro- 
ejrtetf  (j^)*    Sickle  cell  anemia,  a  dlaaase  occurring  almost  entirely  in 
the  Hegro  race.  Is  (diaracterized  by  sldde -shaped  red  blood  cells  and  by 
■a  iaiS3p9(Buse  in  i^  realstaiM^  <%f  tiaeae  mXiS-  toimr^  hj^otoBlQ  saline. 

Sft  tills  presaat  stuSy,  i3le  Wsi&e^  blood  am^«$  wea«  all  examined 
for  evidence  of  sickle  cells  vlthin  two  hours  after  the  blood  was  drsMQ. 


'"•*■ 
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An  ordinary  laboratory  laicroscospft  wm  W9^  «ii©lc»ylniS  *  ^^  aagdfiotioa? 
Hwv*  iMiB  BO  evidence  of  aicKlins  dbseiir^d  itt  l&e  Meed  ungElUs*  - 

'      5?uin«;  et  al,  (16t)  la  a  ettidy  eaploylas  blooa  firoia  9^  Kegpoes 
found  Hmt  In  28  per  cmt  of  iSie  eases  concplete  beiaalysis  did  not  oecur 
laitil  the  sodium  chloride  cooceatration  was  reduced  to  0.28  per  cent. 
3b  lft-,8  per  cent  of  tSae  case8>  salt  coBcentratlooa  above  O.36  per  cent 
VMMI  aligaite  in  preventing  h€saolysis|  l^  increasing  ihe  psroportloQ  of 
salt  to  0.^  per  c«»t,  haaolysls  was  not  ob^aved  In  "^.2  per  cait  of      ~ 

Mhh  M|MBd.JM|» 

%  fftu^ylaf  ^be  data  of  the  pcresent  vork  and  that  of  Stemer  et 
mX.  (15?)  it  fl^VMHrs  that  the  "narmL  average  valties  of  oaootic  ftragility 
of  hutaax  Wlood"  in  aodixm  chlortde  mi^imst  pawseotad  la  aost  h«nat- 
dogy  texts,  refer  to  blood  of  CmsaO^jmB  OBly.       ,  "t? 


ate  Effect  of  |^i||l|if|fyn  tax  Cmeeatratdaa  on  Itemcdygl* 
Ihe  eapertnieat  deaiejtJed  to  dateiratae  the  oaximaa  acidity  that  a 
ffolutim  Ewy  have  vlthout  alteafiag  Hbm  coloar  of  <n^!Maac©lobln  ebemA 
tbat  solirtians  more  acidic  than  jE  k  clarkened  the  colca:  of  o«2/h«nog5lo!bia. 
laroua  ccdox^d  henatln  has  been  said  to  result  from  a  strcosly  acid  licao- 
fPjMa.  salutiflii  with  ccaaplete  t«Baaforraation  taking  place  wlthla  twntjpf 
five  minutes  at  pH  3-8  (163). 

Qke  eiqfmrimmt  caxried  cut  to  dstezioine  the  effect  of  increasing 
^tie  ^^drogen  lea  eottciMBtmtdm  cit  iussolysis  indicated  that  in  a  glTsti 
concentaraticG  of  sodi\aa  chloride  solutlm  an  Increase  in  the  acldilqr 
MHWtd  an  Increase  In  boaoO^iftl  ^.^  IkAtlee  U7  and  113.    For  exau^e, 
at  pH  6.00,  a  O.390  per  cent  solution  of  mOXva  chlortae  iias  sufflciaot 


f<t^- 


to  protect  a  certain  prcrportlon  of  Hie  erythrocyt*»  ftK»  InnolystDgi 
at  pH  5.00,  however,  a  sodium  cixlapl^  caMsentratioo  of  0.399  per  c«it 
m»  r^^fiXred.  to  protect  the  ane  •gaxfffcsetiaa.  of  red  blood  cells.    By  ■' 
utllislBg  the  data  on  OSable  ll3,  a  poartioo  of  ihe  hemoa^ysls  occurring 
in  ^iKJoaatc  solutions  mcare  acidic  than  the  refer«ace  sodlian  chlorldt 
tffyJi^rfrJiqRff  wm  Attriliuted  to  the  hydrogen  ion  conccsitsratiaci  end  en 
«%|«l^  WA  laa^  to  eo3T«et  Htm  t  values  accaanai«glr»    Iroo(n)  gluconate, 
tat  loawvle,  caused  30  per  cent  hemotlysis  of  blood  sai>^e  22  (vid.  ^aJslm 
8e)  at  a  ccocmtratiaa  of  5. 19  pear  (sm%  iMle  the  efiae  dejeroe  of  haao- 
l^ls  occurred  In  a  O.kTJ  per  cent  aoditja  t^ilortde  soli^^loii.    ^  ii 
values  of  the  ir(xi(ll}  gluconate  solutions  were  epprosdjaately  U.55 
(v|^.  T^tiiA  116}.    %  the  utllixatian  of  Ihtble  US,  it  «m  feund  t^t 
at  pH  k,33  a  sodium  cbioride  solution  of  0.1^96  per  cent  ww  reqMlred  td 
protect  the  saise  papoportlon  of  cells  as  a  salt  solution  of  O.kTJ  per  cent 
concentration  at  pH  6.00.    'Bxas  t2se  |.  value  of  l.Jl  calculated  for 
Iroo(ll)  gUicQoate  vas  in  ezror  as  a  result  of  hfimoljrsis  due  to  the     <* 
iB^f&seo^k  ton  concentration.    A  recalculation  of  this  i  value,  by  re- 
flaeing  Urn  per  cent  of  sodltxi  chlcqriae  found  to  protect  30  per  cent 
of  the  erythrocytes  vlth  the  salt  concentration  which  protected  the 
taw  srqporUca  9£  cells  at  tlbte  pa  of  the  iron(lI}  gluconate  solutions, 
SS7e  en  i  velvm  of  I.36.    9iidttiji«  df  mm  moertaintles,  as  the  actual 
piH  at  the  cell  ombrone,  and  since  the  changw  In  the  i  values  appMred 
to  be  ^Aite  saOl  the  i  values  origiiaally  obtained  for  "Qm  |£UicaDat«t 
were  reported  vithout  an  adjustra^t  for  the  acidity  of  tlie  tsdliztiant. 
St  WW  recogplzed,  however,  that  the  correction  for  the  i  vaXviss  xal^t 


-     v«» 
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rnjpmstmt  a  ffUfflim™  one  sizice  the  gluoooate  solutloois  resisted  a  chMgi 
in  |fi  v|iiiQil  tSia  ftOaitloa  of  bXaoS  fvtft*  IMCOe  Xl6)  ^A^reas  the  acidified 
sodluta  chlcxrlde  solutloos  were  almost  Imnediately  brou8^.t  to  a  pH  value 
near  tt^  xfi  of  the  blood  ood  the  action  of  the  hydroQm  iiim  wm 
parcibaMLy  oQly  motnartary.  ■  ^^  -'V^   "  ^*  vfe',',  •  ■  ••-  ^ 

Itegulta  of  Blood  Protein  greclpttatlGo  TSiiperhm^^ 
SodiiSB,  potasslvED,  calclxsn,  smg^eslTaa,  BengeaieseClI},  and 
eohalt(IX)  glueocates  did  not  seem  to  ]^«clpltate  any  of  the  senm 
proteins  of  either  faisnan  or  rabbit  blood.     IroB(II)  gliiconate  solutions, 
if  over  a  couple  of  hours  old,  becarae  hasy  vrpcti  the  addition  of  human  or 
rabbit  blood  serua.    After  standing  in  a  mter  bath  at  37    ft^c  fortsf* 
five  miimtes,  and  centrlfueatlon,  the  px^cipitates  a]s>«ured  tan  colored 
jKnd  ratl»r  buUj^.     During  its  addition,  the  serum  did  not  «yE$ear  to 
606g:u£iit«  aa  it  toucSked  the  sivfttee  of  the  irondl)  0M&3m^  KSlutloai 
serum  coagulation  vas  instantaneous  in  both  oap!per(II)  and  sloe  gLuccoate 
solutlcns.    Fresh  aolutlona  at  IroaCXZ)  gluconate  resialned  oimx  on  Hub 
addition  of  blood  sertnn  and  no  precipitation  was  observed  after  fhe 
standing  period  and  c«aitrifusBtloti.     13a&  copper(II)  glucooate-sertaa    ■ 
poroteto  precipitate  iredlssolved  on  standing  (and  instantaneously  on 
agitation)  and  was  milk-^diite  in  color*     !Ehe  addition  of  aUsali  to  the 
eosper(ll)  gluconate-serum  mixture,  containing  redlssolved  serum^  resulted 
In  a  volucdnous  blue<tdilte  precipitate.     Ihe  sine  gluconate-serum  protein 
precipitate  was  miUc-wfalte  in  color,  voluainous,  and  iqppeared  to  be 
stable. 

So  precipitaticn  was  noticed  ^edxen  O3c;ybemoep.obin  solutlona. 


prespared  fraa  haaaa  and  rabbit  orytlarcxjytee,  imbpi  sdUii4  vilh  s^paxwt* 
solirtlODs  of  sodium,  potaselisa,  eaSxsitaa,  magiwalum,  attiginese(XX), 
c6balt(n),  and  copper(n)  gluconates.    CoEper(lI)  gLuconate  solxxtioiia 
did,  havmvr,  tum  tbe  oxybemogiobliia  Isrcjum.     Lraa(IZ)  g^-uccoate  iolutlon», 
if  not  ftre^,  and  botb  hman  aad  rabbit  oxybaaoglobla  solutloes  ccmteliwd 
to  fosm  browi  «olor«d  sedifflffiits.     Zizic  ^uccxiate  i^reclpitated  a  portico 
of  ^i#  t^bms^LdtiimB  tieoa  bot^  bucaan  and  mbbit  blxxids,  but  leaa 
affectively  thaai  \*ien  a  prqportian  of  serun  was  preMOt.    Also,  vfaaa 
•«rua  aad  oxaibeoogLobin  ««9r«  i^gn^teljr  ^iSOoA  to  a  sine  gluoooate 
tdutlcQ,  tbe  procipitatioa  ma  iMm  eaets&ete  than  iAmb  1Jb»  tie  proteins 
were  ndxed  belbre  being  added. 

^i     Additicaal  discussioa  vilX  be  :^re8«3ited  under  tte  hmAiMm  ^ 
ttte  Individual  gluconates. 


'     RegultB  vith  Sodim  aoA  Potaaslum  (a-tt^pppli.  ' .  -;  •  ^ 

Bt^pkLoying  the  beoolytic  metbod,  sodium  and  potassium  glxiconates 
pvve  hi#ier  i  values  tban  vould  be  eaqpeeted  for  coeqpounds  yielding  two 
iona.    ftpeejBing  point  infonaatica  indicated  that  each  of  these  gluccnates 
mtm^  mmmiiy^  !•••«  9»  aLi^^tly  less  than  tvo  particles;  vid.  liable  lai. 
B6&^M  ^ueoiiate  esdiibited  an  averaga  i  value  of  2.27  using  nO^it 
blood  and  2.37  using  hunan  blood.    Baeae  values  vere  lowered  to  1.99  with 
nbbit  blood  and  2.0T  «ith  hunan  blood  ^ms  ^tendned  in  iim  ^senoe  of 
0.2  per  c«it  sodium  diloride* 

Fotassiuo  gluconate  gave  en  average  i  value  of  2.26  using  rabbit 
blood  and  2.^  using  huBoan  blood.    Qieee  valxies  vere  lover«4  to  2»<^ 
ifith  rabbit  blood  and  2.13  with  huean  KLood  tA«i  the  detefBaaatlflea  were 
cm&m%eA  in  the  presence  of  0.2  per  cent  sodium  chloridej  Yjt..  l!iables 
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Uh  ead  II5.    ■■  ^  ^  "  ' '"  -  '"  ■  ■  ''  '■  '':§^|v  ■■   '■"■■'  -fej:-:'---  --:-  '-■■-'■■     ■ 
g       In  soliitlons  of  scoe  stilwtaaee«,  eryOiroeytea  aay  lose  electr©* 
lyte  from  wlthla  the  cell,  thus  wuising  a  decrease  la  the  iateinml  osmotic 
pressure  sad  a  correspcadijas  Imnrease  la  reslstaxuse  to  hasolysis  (2,  168, 
%l6^)»    ISas  exoenjosls  of  erythrocytes  la  auda  solutdoas  can  be  corrected 
$»  (Mm  <mmB  by  the  addltiaa  of  small  j^rt^portlans  of  oa  eXectroly1»» 
4toi*4  SOffltua  idilorlde  (2,  I69). 

Olhe  hl^  hemolytic  1  valtses  obtained  for  sodliaa  and  potassliaa 
l^uc<»Btes  may  be  attrtbu**!  to  emmamdM  of  «iectrolyt©  from  within  the 
erythrocytes.    B«s  lowering  of  t^  1  valu«»  v^aa.  fb»  adaitlon  of  woSlm 
chlesride  nay  be  due  to  the  partial  restoration  of  the  emrlronnwit  nonaal 
to  the  red  blood  cells  '  ' 

Bewlts  vlth  Calci^gB  and  Mamesitaa  Olwcooates 
The  heraolytlc  l^valiies  far  c^iblcltiin  gluconate,  calculated  fina 
data  of  concentrations  causing  25 »  50,  and  75  per  cent  heoolysls  of  •"- 
huosn  erytairocytes.  Increased  "tiy  sfiproxlziiately  0.2  (2.5^  to  2.72)  going 
from  £5  to  50  per  cent  heawlysis  and  another  0.2  (2.72  to  2.95)  going 
froB  ^  to  75  per  cent  hemolysis.    A  similar  observation  was  saade  by 
pemlefaa  investigators  of  calcium  acetate,  calcium  gliKsonate,  and 
calciws  levulinate  (6,  122).    Oils  steady  increase  did  not  occur  when    : 
the  1.  valx»s  tcae  caleiuB  jgLuoonate  vete  detesnined  in  the  praieeQca  of    ^; 
0.2  per  cent  sodiiBB  c^orldej  HA*  flfble  HJ* 

Haaolytlc  1  values  for  calciiaa  gliiconate  obtained  with  i«bblt    '"'^ 
blood  incrvased  by  i^garoximately  0.1  (2.32  to  2.^)  ssing  £xm  25  to  50 
per  cent  hemolyais  and  by  another  0.1  (2.U0  to  2.50)  going  fipdo  50  to 
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75  per  cent  hemolysis.     Increases  of  similar  maffxitude  vere  noted  when 
tito  deterolaatlaDts  vere  made  in  -Qm  presence  of  0.2  per  cent  soditm 

<dilc«iae.  ..,,  ^_.  ,         ■.,..:.  ;i^"-i' •..^^.-vr} '■.?/■'.■  ■ 

ISae  presence  of  0.2  per  cent  sodiim  chloride  seemed  to  cause  «a 
Inerease  in  the  i  valvtes  for  caloiua  i^wsonate  using  raliblt  blood  and  a 
decrease  in  the  i  values  iAmsi  human  blood  was  used.     In  this  respect, 
IP(pkeslua  ifluconate  acted  similarly  to  caleixsa  gluconate. 

Utt  i  -values  obtained  for  laagQesium  gluconate  vere  hi^^ier  in 
flfTery  analogous  case  than  those  obtained  for  calcivm  gluconate.     Using 
huswL  Uooa^  «n  ftY^«0i  4  y^im  of  ^.00  vas  obtained  for  aa^peslun 
gluconate  iMcSi  vas  IcmmS.  to  t-kS  -vibm  Aetexninea  In  the  proMOM  of 
0.2  per  (xsxt  eodivm  chloride.     OS^se  i  values  are  Biuch  beyond  that 
calcxilated  froa  freesing  point  data,  vlK.  2.60« 

Using  blood  of  the  rabbit,  tJ»e  1  values  fbr  na#ieslTMi  g^tusonate 
tmminr  1I  frcot  2.63  to  3.17  iriben  the  deteziainatians  vere  conducted  in 
the  presimce  of  0.2  per  cent  80di\m  c^tlorlde* 

Actxirding  to  Ponder  (170),  there  la  cKmsiderc^le  escdbange  of 
Intexnal  potassiua  for  alkaHnft  earth  metals  in  human  cells  ui^er 
certain  conditions.    AH  of  the  alkaline  eaxihs  make  tl:^  cells  more 
easily  brdtoen  by  mechanical  stress,  celciuai  being  particularly  effective 
Ift  tMa  reig|9et  (171).    Oayson  and  T>m1i^ni  (172)  noted  the  difference 
iil  iif  mt&aaM  of  the  eat  r«d  tiiood  eell  oMslxraae  to  soditas  and  potassitmi 
pexiaeability  in  the  presence  of  aUEaline  earths;  they  showed  that 
tonicity  (disnges  irere  reiqgCTielMe  for  only  a  portion  of  their  gbeerved 
results.    Alkaline  ear&  Ions  wre  reported  to  ^lxi€km  ^  mf^fisreeiytm 
by  foxtaing  inscCLuble  salts  with  the  phoiq;ihatide  acids  present 


In  the  celi  wOl  (X30)»      ■      -^'--^  ^vi:'  '-' '  ■ 

tftuSer  noznal  ccaditioas,  eitittm  Amm  ^ot  exose  the  Ted  em 
meeibsraae  (129).    ^Ibe  effects  of  calciisa  could  be  loaoy^  Inclndtngt  •) 
partldpfttioo  in  the  cccgitetitiQa  for  vater,  h)  eolldif^lzxg  a££eeta«  sd& 
c)  coBa>lnatiais  with  proteins  (173,  IT^)*    Althou^^  arldeaaee  of  ^rotela 
cooSbiaatlaoa  with  calcium  aaad  maaaealiBa  was  not  observed  in  this     '  '*' 
IjaCbeatAcary,  the  interaction  of  these  alkaline  earths  wllh  siirface  porcH* 
telns  of  the  erythrocyte  could  concelvahly  affect  the  ]^netratlan  of 
40119  Into  and  out  of  the  cell*  .         .        >     ..      v 

lyi^oin  (175),  In  a  discussion  of  the  actloa  of  narcotiea 
(defined  In  teaos  of  inhibition  of  various  activities),  laentlcoed  that 
Hbem  is  a  gpod  deal  q£  evicbKce  that  substances  such  as  iai#HWitia  act 
prtawrUy  en  the  cell  surfteee,  til  ftcxm  'my  nodifjring  the  eaDcltahility 
of  the  cell.    He  e^qOalned  that  althougSb  there  is  no  conclusive  evidmce. 
It  is  best  to  consider  these  actlocu  as  being  restrict«d  to  e«ll  »ur£[|Ct8t 

It  is  not  unlikely  tiiat  mmxy  of  the  af  orementiCBed  aetieos  df 
the  «'ii«n»'='  earths  could  have  cmtributed  to  the  results  obtained  In 
this  study  of  calciisa  and  oa^iesiufi  gLtaconates. 

Besults  with  Cohalt(II)  and  ManaBaaesedl)  GL\K;onat»^ 
Cobalt(H)  and  s»nsBnese(II)  gfl^»;ocate6  each  farmed  colored 
•Olu'^aRS  1^  "yiple  distilled  water.     !Ibe  procedure  en  pa@e  32  was  carried 
mst  to  att4ftnalne  if  the  color  of  ei-titier  of  these  gluconate  solutions  was 
additive  with  the  color  of  ooofheDtc^fLdbdn  solutioa.    MnoKiesedX)  glticonate 
aoluticos  did  f  com  too,  additive  color  ipd  blank  readings  were  esg^Loyed 
acc(^*ding  to  13ie  aft^-eBMrn^ened  asthod.    Cdbalt(XI)  gluconate  solutions 
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oadblMted  colors  ttekt  ware  not  aMlWm  vlth  that  of  cxs/bmo&^dtiixi 
edbrticni  tfaua  the  degree  of  hent^L^wia  of  erythrocytes  ta  solutiaas  of 
ec^balt(IX}  gloicGoate  was  deterraiaed  by  the  alternate  method  for  colored 
•Qlutions  9re««iited  CO  sitiM  33  to  3i». 

,      eoilMat(lZ)  0.M6amt«  8W»  1  v«lu»«  of  2.32  vlth  rahtdt  erythro- 
cytes and  2.08  with  hwaaa  erythroq^s^  ft«e«lng  podat  iafoimaticn  ixidlea* 
ted  en  1  value  of  2.41.    lbs  lower  ^  values  obtaioed  Isy  ttat  kMAytie 
aeiaiod  issy  be  attributed.  In  part^  to  the  acidity  of  t&e  c<t«lt  solutioas 
(atocfot  sH  5).     Sueh  acidity  could  cause  hemol^is,  Indopaadmt  of  the 
lOianttr  pressure  of  the  soltxtioaj  tMs  additloDal  bcraolysts  vould  result 
In  data  froo  \ftdch  low  i  values  would  be  calcn1ftt»ti>  ,  .  .; 

UlUpiii f  TT)  glucGoate  gave  i  values  of  Z,35  vith  rabbit  erythro- 
cytes and  2*70  with  huoBa  erythrocytes.     la  the  prescxtce  of  0.2  per  c:eat 
iodlua  chlOTlde,  the  1  values  with  each  blood  type  were  lowered  by     u     . 
iapK»XiJi»tea^  nm  mm  fMust^  !•«.,  0.33  «flln«  taa«a  tl«»dL  and  0. 36 
Wilg  iseSMt  taeod.    <Ommni  IcNMr  i  values  more  closely  raseoSiled  iSam  ^ 
valx2e  c^ytalZMsd  tor  B»n89uiese(21)  sPxtcoDate  by  the  freezing  point  ^am.. 
presslcn  method,  via.  2.19* 

Ihere  was  no  cvidetiee  of  proteta  preoipltatldift  t)y  ei^Qn&t  cc»balt(II) 
«Br  ■UpBtsedl)  gluccaaate  solutions. 

Besults  with  Irotx(ll)  cauccoate 
Skt^oying  the  hemc^-ytic  method,  ircin(II)  ^ucxoate  gave  i  values 
or  1.27  with  ral*it  blood  and  1.61  with  hmtm.  blood.    Ibeae  values  were 
lowered  to  l.Sfe  with  rabbit  blood  and  l.*^7  vith  human  blood  ^dien  the 
AttexQinaticos  were  carried  out  in  tbs  presence  of  0.2  per  cent  aodlia 
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clil£a1l4ft*    la^efe  valuta  are  all  lOHffir  tiiaii  vtiat  vould  be  esqpected  for  a 
iMaii^poti&a  ^ftlj^big  'Qi3rd«  lotksi  sa  i  irld^  of  2 A?  naa  6bftaiaed  for  Irca(n) 
gluccoate  by  the  freezing  point  depression  method.  -:        ,  ,v 

la  triple  dietiUed  i»ter»  IrGKi(Il)  gluconate  foxiaed  colored 
soCtutions  that  vere  found  to  be  additive  vith  the  color  of  Qst^faasoglobin 
solutionj  theref (»re  blank  readings  ware  es^loyed  In  accordance  vith  the 
procedure  jweaented  en  pages  32  to  3^.  -  ^;  ;  \^^ 

>  ■  IQmTu^iout  the  course  of  this  Investigation,  Ihere  nas  a  tendency 

to  be  doubtful  of  the  stability  of  the  iron(Il)  gluconate  soluticxia. 
ttooe  (17^)  stated  that  tbou^  ircnCXl)  glucanate  is  hii^ily  stable  in 
the  solid  state,  its  solutions  ere  ^te  the  O];qposite.     They  are  prone 
to  QKidatlCfij  vith  irasi(ll)  changing  to  iron(III);  the  mte  of  trans- 
fbraatiofi  being  SerffmMmHb  on  tbe  pS>  tesaperature,  degnw  of  aeration, 
yanMBce  of  oxidising  or  3:>educlng  aflints,  etc.     Oxidation  causes  a 
dwrk>m1ng  of  the  solutions,  a  charactexlstic  vhich  vouid  atHm  coLorlBtetrie 
assays  vaireliable.    Aaa.  iron(lll)  coc^pound  of  unknown  dooiposition  has  been 
found  to  larecipitate  frota  a^peous  solutions  of  iron(Il}  glucanate  as  a 
VMUIt  0^  a  photochegoical  reacticn. 

Although  the  Iron(XI)  glticonate  scAutions  vere  pEre^pered  ^st 
prico'  to  being  used,  precipitates  were  often  noticed  in  the  colorimeter 
tubes  during  the  course  of  the  detextninations.    These  broun  colored 
precipitates  generally  occurred  in  the  iron(II)  gluccamte-blood  mixtures 
containing  the  lover  proportions  of  the  iron  salt.     If  a  portion  of  the 
iron(ZX)  gLuiconate  vas  px^cipitated  as  an  oxidised  form,  fewer  peuri;^icle8 
would  be  in  solution  to  aid  in  the  prevention  of  osmotic  hemolysis;  the 
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WtmiXttna  ^t»  ¥oul4  indicate  l«9a  p>otectiaB  «ad  ttms,  a  Ixmrn  t,  vaLua. 

O^tentlisiee,  t%e  ei^peznatiaeit  ieaifitleiiB  MNiii^  td  64tttfi!ll  edUol*   , 
dailly  svispetuSed  pertlcles  that  could  not  be  centrlfugad  dovsx  vlthln  the 
pcttscsrlbed  ttsiej  the  possibility  of  laklBg  the  vBoheaoQlysed  cells  by  in* 
creasing  Hbe  speed  snd/or  tine  of  ceatrifugatica  negated  the  thou^it  of 
altering  the  apfttiml  method.  ;>■      ■•.'■:   '.fi---.  ■■^'Mi^i -:  i-^'^   .• 

Aecoordlng  to  several  Investigators  {Tttl^t  176)  irott(II)  glu- 
ecoate  does  not  precipitate  proteins,  a  property  that  iMkes  it  valuable 
In  parenteral  adadnistraticxii.     Althou^  this  present  work  has  indicated 
that  buBoa  «id  rabbit  sera  and  ox^haaoglobins  vere  not  visibly  affected 
by  fresh  iroQ(ZI)  ^uccnate  soluticcs,  they  vure  affected  1^  soluticcis 
sot  freshly  pcrepared.  ■■■■..    S* 

9mm  ylatna  contains  a  metalKsomtblnlng  globulin,  beta-globulin^ 
tiiat  has  a  hig^  affinity  for  metal  ions,  particularly  iron,  copper,  and 
sUxc  (177)*    Bsta«cpu3>bulin8  am  sot  always  saturated  to  capacity  vitii    . 
iraa,  and  \ibeai  such  is  the  case  iron  has  been  shom  to  be  able  to  isare    , 
rapidly  pwxetiute  the  red  cell  membrane  to  vitro  (17S)»     '  '- 

Ihe  binding  of  iroa(Il)  ^uccnate  by  plaasa  proteins,  vith  or 
vithout  precipitation,  would  decrease  the  n>M>er  of  available  particles 
In  soluticn  and  the  j^  values  obtadned  wvuld  be  lower  than  nonoal. 

Ttm  pB  of  the  iraci(XI)  a^uccnate  solutions  was  about  ii^.^^  and 
fffimfl  asiproxiiDately  the  same  dvcrlng  the  course  of  each  detexnination. 
Reraolysis  due  to  acidity  would  jproduce  data  tvaa  which  low  i^  values  would 
result.       -  .     -    I  .-■".:■:'- : 
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Results  vltax  Cgppey(ll)  Qlucanate 
OQJVtnKlX)  gPLucooate  in  ccncaatratiocw  froBx  1  to  10  per  cent 
to  cause  irreveralble  dmaturatloa  of  bloodi  heooglobln  released 
from  lalced  erytbrocytes  turned  brom  m  did  tbe  ^gdiBB>oljrw4  l?td  l>logd 
cells.     It  has  he&s.  reports  (179)  i^t  coiiper  «ulfW»,  d^OfiOa,  aitmt*^ 
and  acetate  have  the  ability  to  precipitate  erythrocytes.  ' 

aiie  pH  of  the  copper(ll)  glucoaate  Bolutlons  enployed  in  tIaJU 
study  vas  ai^>roxtmately  h,  this  pB  romatnlng  fairly  cctxstant  -tibrcu^tout 
the  duration  of  the  esq^xixcents.     BLoch  and  Oelsner  (153)  hanre  reported 
ttvt  it  pH  3.0  hemoglobin  Is  Instantaneously  comrertad  to  browi  colored 
heiaatin,  at  pH  3.8  It  Is  converted  vithln  twenty-five  minutes,  and  at 
pH  if. 6  the  fonaatlcn  of  hsai&tin  is  InccBvlete  In  twenty-four  hours. 
Xhey  stated  l^t  the  rate  of  converslcn  Is  directly  proportlcnal  to  the 
IjftwaBa  Ion  concentration.  ■  ■  ■ ,  .  -^  ^  ■ '     -^  ..  ■:■:-■■      ,  ■:■  ^y  -c  ysi-  -^ 

■■■■•■'     A(»iordlng  to  ltMii#ntti  (133}>  the  aaUvlty  of  <iamim  m  • 
tuBBoilytle  agent  Is  si^rlor  to  VbaA.  of  aany  other  oetils.    ttttei  coxd 
co-workei«  (1^,  137)  reported  that  many  copper  salts  had  acted  similarly 
in  their  hemolysis  experiments}  erytitrocytes  vere  hanolyBed  in  cQQ(»a* 
trations  greater  thai  1.3  x  10*5  taole/liter  and  w»e  agg!lutinated  In 
Mnowtratlcns  of  from  1  x  10*^  to  1  x  10*5  mole/liter.  ') 

i.      Jn  the  tests  run  to  detexmtne  tlw  protein  precipitating  action 
of  eapper(ll)  gluconate,  it  vas  tcfm&  titiat  both  ral>bit  and  hutaan  serum  ' 
proteins  vere  to  a  certain  e^xt^at  j^reclpitated  by  this  glviconate.    fhefl« 
precipitates  dissolved  on  staading  or  on  gentle  agitation.    Cohn  (idO) 
reported  that  copper  reacts  with  serum  albumin  to  a  small  extent* 
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Iteseler  et  g^L.  (l8l).  In  a  study  vith  hvmaa.  serum  at  37°,  fowad  that 
eopper  vas  more  effective  thaa  aicOsal,  sine,  cobalt,  irca,  and  aaoeaoese 
(list^  la  order  of  decreasing  efffectlvesoesa)  In  causing  turMdlty  vith 
aenm.     IsQlatlcn  of  these  turtdd  substances  showed  that  thagr  coosleted 
prliQBjrlLy  of  allauBln  and  0a9oa<^oM!in,  vitb.  the  catiCBii  exMtwd  la 
definite  iipxjportlons.  '^M0'---:^^:jf''":'. 

IXae  to  the  darkpning  ocT  the  Ijtlood  eeUa  tsaSL  of  os^yhemosloliln,  i 
mtlttis  for  oospcrdl)  ep-ucaoate  mm  maintainable  "by  the  hemolytic  method. 
Hie  erythrocytes  were  not  prevented  fro©  turning  brown  vhen  e^q^eriaents 
vere  fsuxxUA  out  in  the  presence  o£  0,6  per  <Mcit  sodium  chloride. 
Kreetiatg  pe^t  data  indicated  that  copper (II)  gluccoate  Is  hl^E^ily  asso* 
elated,  giving  an  1  value  of  1.U8  Instead  of  the  usual  2.70  for  a  com- 
pound yieldlzxg  three  ions.  ^      ♦    ,    ,  ,  >  ;     >     ,d^ 

'.    '  ^  -  ■     ■■'        -I 

Itesults  vith  Zinc  CBLuecacate  .   ' 

Extremely  hlijh  1  valt*ea  were  calculated  for  «iac  gp.ucaaate  from 
data  olrtaltted  using  the  honolytic  method.     The  values  for  1  at  concen- 
trations  caaslng  25,  50,  and  75  per  cent  hemolysis  of  rtHMLt  erythro- 
cytes were  793#  933,  and  1027  respectively,  whereas  concentrations 
causing  50  and  75  per  o<nt  heool^Bis  of  huDMn  ei7thrQcjt«t§  sbow^  1 
values  of  ii99  and  666  retpeetivi^.    Wkmn  of  1  at  25  per  cent  hemolysis 
of  hiaaen  erythsrocytea  were  unoibtainable*  " 

^Ibrou^uxit  the  course  cm^  this  investigatioQ,  ig^ufwifti  behavior 
was  noticed  betweai  blood  end  zinc  gluconate  solutions.     ELood  appeared 
to  agg3.utinate  as  it  was  added  to  colorlBieter  tubes  containing  solutions 


%- 


of  tiie  SEtnc  salt;  at  the  same  tis^,  a  dlUsi-i^te  fcnoaticn  presented 
itself  BTomA  the  blood.    Before  in^rertliig  the  tnim^  (to  m»  tfei^  eon- 
tents)  a  layer  of  dear  oxyteaogLdtsteL  iKSbOstaa  vm  ^tmm^mS.  at  t^ 
bottoEj  of  8Qo»  of  the  tubes}  after  iavertlag  the  tiAes,  the  contents 
%mm  vf^ma^  ogaqiM.    A«»dtowl«M  ^•inr«&«ttfa«  bottoBOf  each 
tiib«  Ji2tM>  ei&lbrlfug&tien  iMdi  vas  of  a  volvm  greater  Umi  could  be 
attributed  to  the  small  propcartlon  of  blood  preseot.    aixe  substance  vas 
m  iMMUril^  QOiler  (reseaftOlag  coraoetlc  rou^e)  and  vas  amorihous  mder  the 
Meroseope.    9»  degree  of  hemolysis  vas  determined  in  the  usual  manner 
■Bd  |.TaluM  calculated  according  to  the  general  methods.     ' 

JBBtfHnson  (147)  described  a  elno-osc^hesioglofMln  caa^goma  inre* 
elpitated  froo  a  solution  of  rabbit  blood  plgacnt  by  zinc  sulftite.    Ibe 
substance  was  of  a  reddish  color  and  aaluble  in  dilutt  flBKmta  and  in 
dilute  acetic  acid  solutiatta* 

Gtml  eaxd  aoodnam  (182)  stated  that  the  poroperty  of  protein  that 
is  most  cjbviously  affected  by  cqaiblnatioiu  vith  netaUifi  caiiWM  i»    : 
mOxSoAHty*    To  afftet  the  soltMUty  of  protein  by  i»e<Sianisa8  other 
than  "salting  in"  or  "halting  out,"  the  metallic  ion  must  be  bound  to 
the  psrot^*  ^  tbew  worisers,  am  of  tiae  most  stritting  prefer  ties  of 
Ite  «l^al-p*d*ein  precipitates  studied  vas  the  large  volwoe  that  they 
occtqded,     2hey  ejgjlalned  that  the  bulMness  Indicated  that  imdsr  certain 
eondltlGas  po^cipitation  has  more  th@  fo«m  of  gelation  than  of  the 
separation  of  a  precipitate  from  a  supernatant  soluticn. 

Qxj^emogLoWn  solution,  prepared  in  this  laboratary  by  lakiag 
varied  ribbit  erythrocytes  in  triple  cttstiUed  vater,  vas  partially  i/     - 
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precipitated  vheax  placed  tn  contact  vtth  a  1  per  c^it  soluticei  of  sine 
gluconate.     'Bob  precipitate  appearvd  to  be  soluble  belov  pH  5*5  «aA      „ 
above  pR  10. Oj  it  appeared  to  be  least  soluble  at  arotsad  the  neutral 
joiatf    Qaqfewaioi^^ln  80lut4og|#  pettpmred  tram  vaahad  t&mfgi^  wyUirocytes 
aiited  !to  a  stailar  aaaaer. ',  ,  .  ,  ,  iti^.;.    'i  ,.:-'■;,!■!.  vr- h 

WtUHKX  and  rabbit  blood  sera,  separated  frco  tiie  deflbarlnated 
WaodB  by  centrifugatlaa,  veire  each  precipitated  In  the  presoiice  of 
bIbc  ^ueooate.     The  ^ihite,  curdy  precipitates  vere  soluble  below  pB 

A  detailed  study  of  the  coc^etltion  betdeea  t±ne  and  hydrogen 
ions  for  eoDBKXi  sites  in  hunon  sermi  albumin  led  Ourd  and  Goodoan  (iSs) 
to  concltide  that  the  istidbzole  ss^vcpa  of  the  16  histidine  residues  were 
the  principal  sites  of  binding  of  zinc  ion  by  this  protein^ 

Ourd  (183)  stated  that  the  effect  of  sine  lens  en  the  sol\ja>ility 
of  serum  albuBiln  is  greatest  in  the.  vEL  range  of  about  6.5  to  7*0.    He 
said  tliat  botli  (MiMi-elobulln  lisd  bsta-lipoproteln  can  be  preciidtated 
in  the  presence  of  zinc  acetate.     In  "Uaese  oases,  gacnei-gLobulin  aided 
in  tbu  sorecipitation  of  the  beta-lipoptrotein.    Gurd  found  that  for  all 
of  the  plaaoa  proteins  that  he  studied,  the  minimal  solubility  In  the 
presence  of  zinc  ions  at  0^  oectirred  at  pH  7*0.     Ob  the  alkaline  side  of 
neutrality,  the  f oznatian  of  niaoed  con^eaoes  of  zinc  ions  vlth  hydroxy! 
ions  snd  istldazQle  molecules  iMU  aantioned  as  being  ijuite  UJtely.     Zhe 
presence  of  sn  anion  vlth  a  strong  taidency  to  fozm  cocsple^ees  has, 
generally,  reduced  the  affinity  of  the  metallic  ion  tor  the  grou^^  In 
the  protein.     In  certain  cases,  an  anion  msy  compete  so  effectively  that 


1^ 


¥' 


only  tbe  groig^s  in  the  protein  imvlug  tlae  hlajieat  order  of  affljoit^  art 
lOjle  to  bind  the  netalllc  lott.       -'^r  :•:•:;  .  •:;•  •;44\'- ./.-;.  ■.U:';:  ■-    ' 

'<^      l^eaa  'blood  m»  added  to  a  sdutloa  containing  X  p«r  coat  of  sine 
gLucocftte  «Qd  0.3^  per  ce&t  of  sodiw  ebloride^  tbe  «^^1#  #$t^le4  to  tlii 
l>ottai  e^  tte  teaii  mA  Allied  to  timi^^ym  after  fbr^ffTit  i^utee  at 
37  •    After  c^itrlfu^tlOQ,  the  cells  vere  bound  together  at  the  bottom 
of  tbft  tt^  ttBd  failed  to  beraolyse  after  the  siiperaataat  aoLxxtloci  of  sdoe 
gluccoate-CK)dliBn  chlorlde-^erust  vas  &Ksasated  azid  replaced  vith  triple 
distilled  vater.     Saversioa  of  the  tube  caused  the  cells  to  pass  tbrou^ 
the  i^ter,  still  boimd  together  and  rescaibllzig  a  "pancaker       '  • 

Qihaoa  (134)  reported  that  red  cells  tate  vq^  ziiic  vexy  readily] 
whether  the  zinc  eiters  the  cell  or  is  boimd  to  the  ia@iA>rane  is  not     ' 
knoma*     It  has  b^si  shown,  hcwev^Tf  that  the  sine  cannot  be  removed  by 
wuAdng  the  cells  In  isotonic  saline. 

It  cyigMtars  obvious  that  the  high  1  values  obtainwi  for  bIso    ' 
efLueocate  in  IMs  vork  and  those  1  values  obtained  fisr  isllie  stdLAite  ImA 
Elnc  acetate  in  other  vorlcs  (k,  3)  have  been  due  to  a  shortcomlns  of 
ttm  ^MMolytlc  ffiethod*  U**,  ffclitng  to  provide  a  neoos  of  detenalnlng 
tbat  aaonmt  of  liberated  tat^^baaot^j^in  that  has  been  altered  in  such  a 
WBoam:  to  cause  it  to  be  unaccouated  toae  by  the  photoelectric  coloriioeter* 
A  80ltM.e  con^lex  between  an  ion  foid  OQQfhsno^lobltt  nay  change  the  pro> 
portion  of  light  absorbed  by  the  solixtioQ  and.  Indeed,  say  cause  error 
in  the  photoelectric  assay  without  any  noticeable  wuxdng,  such  as 
predpitatian  or  darlnning. 


The  adjustment  of  soluticcts  Intended  for  Intravcnoxis  adalnia-    . 
trnticn  to  the  same  tonicity  as  blood  la  of  prime  tepartattcejt  tlif  aA- 
f«BtH0es  of  anploylng  the  heoolytlc  raetbod  la  the  preparatlcai  of  such 
fiolutlona  have  been  essbaslg^d  by  Bmm  aod  co-«afl£ers  (l,  2,  3,  k,  5,  6, 
7,  B),    It  10  now  ree(^ais«et  tbit^  ^0m&  dealing  Mt-tb.  blood,  the  osmotic 
effect  of  a  diemlcal  substance  depeads  not  only  on  Its  concentration  but 
•^Mk>  ga  liWrthpr  car  not  it  penetarates  the  erythrocyte  pianbrane  or  affects 
Its  propertlesi  tJius  solutions  calculated  to  be  Isoaaotlc  vlth  blood  by 
physlcochemlcal  data  are  not  necessarily  isotonic  to  the  red  blood  cell, 

nae  purpose  of  the  present  Investigation  vas  to  determlae  1      — 
tttlxieg  for  various  salts  of  gluconic  acid  by  bo«i  the  freealng  point  de- 
pression and  haaolytic  methods.     Ihe  effect  of  the  hytlrogESi  Icn  ccocen- 
tratlcn  on  heiaolysls  vas  detexnilzied  and  a  study  oade  of  tbe  actiOB  Of  woatt 
gluconates  In  precipitating  blood  proteins.    A  method  was  devised  for 
detersninlns  the  degree  of  heiaolysls  of  erythiDcytes  susgpeoded  in  colored 
solutions.    An  explanation  of  the  lamsually  hl^  heoolytic  1  values  ob«. 
tained  for  sooe  sine  salts  by  ppevioug  vorlcers  -was  offered.    A  cccaparlson 
was  mit  ©f  the  osaotlc  fnagUlly  of  erythrocytes  obtained  froo  Caucasian 
and  tkigea  Smomi  red  blood  cells  from  Negro  donors  were  fouod  to  be,  on 
the  aveiB^,  more  resistant  to  oaootle  hemolysis. 

QUag  the  beajolytic  method,  aodlun  and  potassitm  jflLuconates  gave 
i  values  vhich  were  approxliaately  25  per  cent  higher  than  those  obtained 
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hjf  tits  freasdAg  point  depresslQa  JBe-tJ.QOj  this  difference  \»s  ooly  half 
Ml  gfJMit  iMft  tSte  liaaolytic  dcrtaCBtimticcis  w^re  ecoducted  ia  tb«  pore** 
•ace  of  0.2  pear  cent  sodium  dxLorlde.  '•>;';'■'' 

^WKklyidc  wtteA  tten  isy  the  ft^slng  pc^t  depreseloii  iHHftJ  Wm  ^mm 

erythrocytes  vere  annoyed  and  lover  cncs  v^ien  rabbit  erythrocytes  were 
IMiiik    !□:»  addition  of  0.2  p«Er  cent  sodlisa  chloride  raised  tte  jaoaolytic 
Jt,  valites  of  theiTC  salts  -fc^ben.  ralahit  erythrocytes  were  used  en^  lowered 
the  values  vhen  huoan  blood  was  used.  '••  *"<".!' ■•  ■  ^*'  •■--  :-i  ^-' 

l^nploying  the  freezing  point  df^jtreasion  method,  iBaoa»)f»e8«(lI) 
fpLuconate  gave  an  i  valtw  that  \iias  lowm*  than  notmal  for  a  coDvouod 
yielding  three  ions.    Hesiolytic  dateroiinaticns  conducted  ia  the  pres* 
llMlir  0.2  per  cent  sodium  chloride  @ave  similarly  im  I  t^xai  iftwrtM 
iMBolytic  i  values  obtained  in  the  sSbB&axM  of  additional  electrolyte'^  ' 
wre  fitodervtiely  M|^awr«^  '-'^^  ^•:.,.Y:.'-—  ■;       '.-iv^iv.. 

XrQn(lZ)  epLueooate  8Qlu:U,dns  aiiMMured  to  "be  tytts^iabile,  mA  §0%'-  : 
i  values  by  the  hemolytic  method  iftiich  ware  lover  than  vhat  would  be 
Mipotrted  for  a  eompouud  yielding  thr^  icns.     Qui  additicsn  of  0.2  per 
eent  sodLun  chloride  trailed  to  bring  the  i  val\j»s  cloamr  to  normal. 

'''       C6bslt(XI}  gluconate  gave  lower  than  noxnal  i^  values  by  the  '  -  ' 
tteoQlytic  method  and  by  the  freezing  point  depresaicn  method,  thujs  indi«> 
eating  association  of  cobalt(ZX)  gluconate  in  solution. 

EoBCAytic  i  values  for  caoeiper(ZZ)  glviconate  vere  xmobtainable 
due  to  a  darhwning  of  the  oii^hcacoglobin  and  the  dramturation  of  tt^  red 
blood  cells;  freezing  point  data  indicated  a  hi|^  degree  of  association 
ia  co||^(IZ)  ^uconate  soLutiona. 
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zinc  sLucooate  eAlMted  ertawraely  M^  heoolytic  i  valuea  dua 
to  Hie  partial  precipitation  of  tibe  oxjihesaogldtdn  liberated  froca  laked 
erytiimxsytes  nwlrtnc  the  ccOozisietric  xondlags  of  tSie  sxtporDataat  lifiid 
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fulflllBwnt  of  the  requireBeate  tm  the  QA&sm  Of  Ita8t»  ef  IhUosofphy. 
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